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The  invention  of  the  Steam  Enoin b  has  been  produc- 
tive of  so  great  a  change  in  the  arts  and  conveniences  ot 
life,  that  it  may  with  justice  be  regarded  as  an  era  In  the 
history  of  the  world.  It  is  true  that  other  inventions 
have  raised  the  intellectual  greatness  of  man,  far  beyond 
the  anticipations  of  rational  conjecture;  that  they  have 
enabled  him  to  number  the  stars,  to  describe  their  motions, 
and  bring  within  the  grasp  of  his  faculties  those  myriads 
of  orbs,  which  had  been  esteemed  far  beyond  the  compass 
of  his  vision, — to  direct  his  way  unerringly  across  the 
pathless  ocean, — to  stop  the  course  of  rivers, — to  convert 
the  shallow  brook  into  a  spacious  navigable  canal, — to 
fertilise  the  barren  rocks, — and  change  the  unfrequented 
desart  into  the  active  theatre  of  his  genius ! 

But,  however  great  were  the  capabilities  of  man  before 
the  invention  of  the  Steam  Engine,  they  have  since  been 
multiplied  beyond  calculation.  The  mariner  avails  him- 
self of  its  gigantic  power,  and  the  roaring  winds  and  the 
rushing  tides  no  longer  oppose  his  progress  over  the 
watery  deep ; — the  miner  calls  for  its  aid — then  rivers  rise 
vertically  out  of  the  depths  of  the  earth,  which  had  pre- 
viously arrested  his  operations; — that  useful  mineral  which 
is  our  fuel,  is  torn  from  its  rocky  bed  to  supply  our 
hearths ;  and  those  invaluable  metals  are  drawn  from  their 
profound  recesses  to  form  the  implements  and  machines 
1.  B 
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nhich  arc  alike  cHsential  to  our  national  proaperil)'  uiiil 
individual  comfort. 

Stupendous  as  are  tlie  powers  of  the  Sleam  Engine,  (hey 
are  so  perfectly  under  control,  and  so  nicely  regulated, 
ihftt  it  id  made  to  separate  the  fine  6I111  of  the  Bilk-worm, 
and  to  realise  the  fairy  Hngem  of  fictian,  hy  spinning  an 
invisible  thread!  To  use  the  elegant  language  of  Jef- 
FRcr,  '^  it  has  become  a  thing  alike  wonderful  for  its 
for  CO  and  flexibility;  for  the  prodigious  power  which  it 
can  exert,  and  for  the  oa<te  nnd  precision,  and  ductility 
with  which  it  can  be  varied,  distributed,  or  applied.*' 

NotwithiitHnding  (he  intense  interest  which  must  attach 
to  this  flubject  in  every  rational  mind,  but  very  fe%r  works 
on  the  Steam  Kngine  have  appeared  before  the  public, 
and  thette  do  not  possess  such  qualificatlotH  ns  to  render 
them  of  much  utility.  Those  of  the  cheaper  clanA  have 
taken  too  contracted  a  view  of  the  subject,  and  are  unac- 
companied with  investigational  uf  the  practical  advnntai;e4 
or  defect*  of  the  machines  under  notice:  while  (ho«e  of 
the  expensive  kind  are  unnecessarily  elabora(e  in  iht'ir 
minute  detaiU,  and  their  investigations  are  tooabstru!«e 
for  the  compreliension  of  readers  who  have  not  made  con- 
siderable progress  in  mathematical  science.  In  the  one 
case,  therefore,  the  ardent  seeker  for  information  will 
meet  with  little  more  than  amaiement ;  and  in  the  other, 
he  will  find  the  knowledge  inaccessible,  from  the  manner 
in  which  it  is  exhibited. 

In  the  Treatise  now  presented  to  the  reader,  Mr.  Gal- 
loway has  steered  a  middle  course,  and  thereby  avoided 
those  defects  which  have  rendered  the  labours  of  his  con- 
temporaries of  very  limited  utility.  The  work  was  origi- 
nally published  about  two  years  ago,  and  it  has  since  met 
with  so  exteniiive  a  sale,  an  to  induce  the   Proprietor  to 
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wild  fortli  a  new  and  'niproved  edilion,  at\er  having 
uader^ae  a  careful  revisal  by  \U  Author,  who  has  taken 
Uie  opport unity  of  introducing  some  interesting  and 
important  matter^  which  the  readers  of  the  fii-sl  edition 
will  readily  perceive  and  appreciate.  It  contuins  all  the 
matter  of  the  first  edition,  hut  in  a  more  correct  form; 
consisting  of  descriptive  accountu  of  all  the  various  Steam 
Eogioes  that  have  been  invented  since  the  time  of  Hero 
the  eider,  (who  flourished  130  years  before  Christ,)  down 
to  the  year  1827;  together  with  a  critical  and  minute 
investigation  of  their  merits  and  defects.  To  thi^  portion 
of  the  workf  which  forms  the^nv/ section,  Mr.  GaLlowav 
ha^  added  a  second  section  on  Steam  Navif^ulion,  and  a 
third  on  Ixjconiolive  Steam  Carriage.'^. 

To  the  origintil  work,  thus  improved,  has  been  added, 
in  the  present  edition^  a  copious  Ai>rBN0ix,  which  has 
1>oen  supplied  by  Mr.  Luke  MtsfCRT,  whose  avocation,  us 
Editor  of  the  Register  of  Arts,  and  Journal  of  Patent 
Inventions,  peculiarly  qualifies  him  for  the  task. 

On  the  importance  of  the  subjects  introduced  into  the 
Appendix,  it  will  be  unnecessary  to  dilate,  as  the  simple 
statement  of  their  nature  will  at  once  carry  conviction  to 
the  mind.     They  are  divided  into  eight  sections,  viz. 


The  first  section,  treats  of  the  nature  and  properties  qf 
steam  and  other  vapours^  whose  elastic  forces  have  been 
employed  or  proposed  as  mechanical  ag^^uts  for  inipclliag 
machinery;  this  subject,  of  necessity,  includes  a  dinsertation 
on  the  interesting  phenomena  of  heat. 

The  second  section,  contains  some  preliminary  oli«erva« 

tions  on  the  construction  of  apparaliM  for  the  genrrallon 

.©f  slcam,  with  descriptions  of  all  the  important,  nmonff 


IV 


pnEFAce. 


(ho  very  niiinoroii>4,  boilers  which  have  been  rcceiillv  in* 
vented,  or  become  the  subject  of  patent*rij^lits;  including 
also  a  dissertation  on  safety  valves^  with  accounts  of  ■ 
variety  of  contrivances  to  prevent  dangerous  explosions. 

The  third  section,  relates   to  tht  constituent  parts  of 
steam  engines  generally^  in  which  their  offices  are  sepa- 
rately considered,  and  the  relative  proportions,  construc- 
tion, and  arrangement,  described. 

The  fourth  section,  contains  interesting  accounls  of  a 
variety  of  newly-invented  machinery  for  the  propulaion 
qfstearti  vessels. 

The  fiflh  section,  is  descriptive  of  the  various  locomo* 
iit*€  steam  carriages  ihut  have  been  recently  cuni«tructed, 
or  that  are  at  present  under  a  course  of  experimental  trialt>. 

The  sixth  section,  contains  accounts  of  various  engines 
in  which  the  elastic  force  of  the  vapours  of  ether^  alcoholy 
essential  oils^  as  well  as  carbonic  acid  gasy  atmospheric  airy 
and  water  are  employed  to  produce  motive  power. 

The  seventh  section,  is  descriptive  of  a  variety  nt steam 
e$tginesy  many  of  which  having  been  invented  since  Che 
date  of  the  last  engine  describc^d  by  Mr.  Galloway,  may 
be  regarded  as  a  continuation  of  his  History, 


i 


The  eighth  section,  contains  a  detail  of  numerous  ex|»e- 
nments  on  the  weight  and  strength  of  materialsy  besides  a 
variety  of  tabular  matter,  conveying  infurmaliou  of  the 
greatest  practical  utility  in  the  art  of  cun^tructioii. 
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THE  STEAM  ENGINE. 


FIRST  SECTION. 


Tub  source  Trom  which  the  Steam  Engine,  in  all  its  varied 
oioditicalions,  derives  its  power,  is  a  property  which  water 
>po*tsc9:4e3  of  l>econiing  expanded  by  heat,  '1  his  properly 
begins  to  opeiate  at  u  temperature  of  40°  of  Fahrenheit, 
below  which  it  also  possesses  the  opposite  quality  of  ex- 
panding by  the  decrease  of  beat.  When  the  temperature 
exceeds  40*,  it  remains  fluid  until  heated  to  ^IS";  it  iheu 
acquires  the  power  of  passing  off  in  an  aeriform  state, 
and  becoming  vapour  or  steam,  which  is  an  extremely  light 
and  elastic  body,  and  may  be  retained  in  a  close  vessel  of 
sufficient  strength,  even  when  it  is  capable,  unconfined,  oi 
expanding  itself  to  several  hundreds  of  times  the  area  of  its 
■prison.  In  its  confined  state,  it  exerts  a  force  against  the 
tides  of  the  vessel  proportionate  to  its  compression  ;  which 
force  being  applied  to  water,  or  any  other  matter  interve- 
ning between  the  steam  and  the  channel  of  escape,  exerts 
^itself  on  the  intervening  matter,  and  thereby  puts  it  in 
notion. 

This  is  the  most  palpable  and  evident  property  of  steam, 
and  there  can  be  no  doubt  that  mankind  have  been  ac- 
quainted with  it  from  the  earliest  dawn  of  civilisation. 
Hut  there  is  another  method  of  deriving  power  from  steam, 
which,  though  equally  useful,  is  not  so  easily  discerned  as 
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the  foniier.  Tht^  1*1  llie  fiiculty  which  it  po^jsennvfi  of  being 
iiislantly  condensed  by  cold,  nnd  re-converted  into  water 
By  this  property  a  partial  vacuum  may  bo  produced  in  a 
ve:;sel  which  uan^  un  instunt  before,  tilled  with  steam;  and 
if  we  suppose  a  tube  connected  with  that  veHsel,  and  a  well 
not  excefdinj;  (wenly-fivc  fret  helow,  the  pressure  of  the 
atmosphere  will  act  upon  (he  Hurfacc  of  the  water  in  the 
well,  and  thereby  rui^io  it  up  through  the  lube  and  fill  the 
vessel. 

When  ihi^  latter  property  of  steani  was  Hr^t  known,  it  in 
now  impoiiitihle  to  determine,  in  (he  earliest  experiments, 
the  expansive  force  alone  appear;*  to  have  l>een  applied, 
and  that  merely  in  an  inelFccti^e  toy,  known  by  the  name 
of  the  oelopile.  The  first  individual  on  record  who  used 
it,  appears  to  ha\e  lH*en  Hero,  the  elder,  an  Alexandrian, 
who  tlouritjhed  about  one  hundred  and  thirty  years  before 
(he  Christian  era.  In  his  work,  entitled  •Vpiri/a/ia,  or 
Putiimadaiy  amonji^  other  inja^enious  discoveries,  he  de- 
scribes a  machine  to  which  motion  is  to  be  given  by  ihe 
force  of  Hteani.  It  consisted  of  a  hollow  globe*  having 
tubular  arnin,  running  in  opposite  directions.  These  lubes 
had  an  opeiiin*^  at  ditVerent  sides,  near  their  extremity. 
The  globe  was  sU'^pended  upon  centres,  fixed  upon  pillars. 
One  of  thodc  piltam  was  hollow,  as  also  waK  one  of  (he 
centred  or  axes,  Steam  wa^  introduced  front  a  cauldron,  or 
heated  vu<^,  which,  issuing  through  the  hollow  column  and 
nxia  into  Ihe  glol>e,  and  ro  through  Ihe  arms  into  the  open 
nir,  produced  a  rotary  motion,  in  the  ^^ntne  manner  an 
walor  produce!<  that  of  Uarker's  mill. 

In  the  dark  ages  which  succeeded  the  overthrow  of  the 
empires  of  (frerce  and  Rome,  history  furnishes  no  inslaicc 
of  an  allenipt  to  u-^e  ihe  powerful  agency  of  ^team,  until  the 
year  156'},  whrn  one  IVIalhenius  suggei^led  the  possibility  of 
constructing  a  machine  by  which  it  could  Ih*  ivorked  by 
ulcnm.  lu  ihe  )ear  1697,  u  book,  printed  at  Lcipsic,  de- 
scribeji  a  **  Whirthig  OrhpHe^**  which,  i(  ■«  Kuggcsted,  is 
well  adapted  to  dispense  with  the  services  of  (he  turnspit 
dog. 
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I'p  to  (hi$  date   we  cannot  trace  any  (hing  important 
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relative  lo  the  application  of  steam,  exroptin^  what  we 
have  already  stated.  We  arc  unable,  at  this  period,  to 
farm  any  idea  as  to  the  orijj^inality  of  the  plana  which  have 
been  named.  U  is  impossible  to  state  whether  (hey  were 
deacrtptions  of  what  was  generally  known,  or  they  were 
the  invention  of  those  by  whom  ihey  were  claimed.  Nor 
should  our  readers  be  surprised  at  the  obscurity  in  which 
the»e  matters  are  involved,  when  thev  reflect,  that  (here 
h  freqiiontly  great  difficulty  in  dccidinj;  who  are  the  in* 
ventors  of  the  most  meritorious  productions  of  our  own 
I  i  mes. 

Having  briefly  stated  what  U  recorded  respecting  the 
earlier  history  of  the  stenm  engine,  when  it  had  merely  the 
character  of  a  philosophic  toy^  we  come  to  speak  of  the 
tirsi  attempt  towards  its  adoption  a^  n  powerful  airent. 

It  i^t  described  in  a  work  by  Solomon  de  Caus,  an  emi- 
nent French  mathematician  and  engineer,  published  171 
](il3,  entitled,  ^^  Les   Raisons  des  Force  mouvantes  n\ec 

diveni  Desseins  de  Fontatns/' 
The  following  description 

will  explain  the  principle  of  y 

his  invention. 

a  is  a  spherical  vessel,  pla- 
ced over  a  fire ;  it  is  furnished 

with  two  pipes,  6,  e.      The 

pipe  e  is  open  at  the  top,  and 

reaches  down  to  the  bottom 

of  the  vessel  a.     The  pipe  b 

is  furnished   with   a  cock  d, 

and   funnel    c.      The   vessel 

being  filled  with  water,  and 

fire  applied,  steam  is  speedily  f; 

generated  upon  the  surface  of 

the  water,  and  having  no  other 

way  lo  escape,   the   cock   d 

being  stopped,  presses  on  the 

*urface,  and  so  forces  it  up 

ihe  tube c  into  the  air,  causing    (De  Causes  Engine,      1<>15.) 
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a  jet,  which  varies  in  proportion  to  the  elasticity  of  the 
uteum  within. 

De  Caus  appeaix,  ubo,  to  have  been  aware  that  u  vacuum 
could  be  obtained  by  the  condensation  of  steam,  but  we 
hove  no  opportunity  of  knowing  whether  he  ever  thought 
of  u-^iug  it  as  a  means  of  increasing  the  povter  uf  hia 
machine. 

The  engine  which  next  demands  our  attention,  both  ou 
accotint  of  its  importance  and  date,  \s  that  invented  by 
(•iovaiini  Branca,  an  Italian  wathenmlician,  who  resided 
at  Rome,  ut  the  commcncenient  of  the  seventeenth  century. 
We  are  indebted  for  our  knowledge  of  this  machine  to  bis 
own  account,  published  in  1620.*  The  drawing  nhich  he 
there  furnishes  must  be  understood  rather  as  an  ornamental 
illu;itration  of  hi?i  plan,  fhan  as  the  form  in  which  it  was 
actually  constructed  :  we  have,  therefore,  given  one  which 
we  conceive  to  be  more  consistent  with  the  eml  he  proposed 
to  effect  by  its  ane. 


{Bra9u:a*s  I'jtgine.     1(»2S.) 

The  boiler  of  this  engine  is  represented  by  a ;  6  is  the 
fire  grate;  c  a  small  pipe,  provided  with  a  slop  cock/:  d  is 
a  wheel  furnished  ^tith  vanes;  e  is  a  crank  which  gives  mo- 
tion, through    the  mediuiii    of  the  suspended    rod,    to    a 


*  *'  I«c  M«cliin«  Oirerve  del  SJKiiior  Uiovauin  UrniM-a.** 


stamper 

(liat  sleuiii  is  generated  in  the  boiler,  and  rushes  violently 
sgainst  the  vanes,  which  causes  the  wheel  to  revolve,  and 
thus  produces  a  reciprocation  of  the  rod  and  stamper. 

This  invention  had  remained  unnoticed  but  by  the  learned, 
until  the  last  few  years.  It  is  described  by  Partington,  in 
his  History  of  the  Steam  Ens^lne,  who  goes  so  far  as  to 
allow  Branca  the  merit  of  the  first  idea.  We  believe  our 
readers  will  perceive  that  to  this  honour  Branca  has  no 
claim.  His  engine  is  on  the  same  principle  as  Hero*s,  only 
dilTerently  modified.  Its  ingenuity  Is  decidedly  inferior  to 
its  prototype,  both  in  simplicity  and  elFect. 

Out  of  all  the  various  applications  of  the  elastic  force  of 
steam^  nothing  of  (his  period  has  stood  so  high  in  public 
estimation  as  a  brief  description  of  ^' a  fire-water  icorA," 
contained  in  the  iVIarquis  of  Worcester's  celebrated  "  Cen- 
tury of  Inventions,"  dated  166^1;  the  original  manuscript 
of  which  is  prenert'ed  in  the  British  Museum.  The  follow- 
ing is  the  Marquis's  own  description  ; — 

''An  admirable  and  most  forcible  way  to  drive  up  water 
by  Ore,  not  by  drawing  or  sucking  it  upwards,  for  that  mitbt 
be,  as  (be  philosopher  calls  it,  infra  sphfBram  activitattSy 
which  Ls  but  at  such  a  distance.  But  this  wny  hath  no 
bounder,  if  the  vessels  be  strong  enough;  for  1  have  taken 
a  piece  of  a  whole  cannon,  whereof  the  end  was  burst,  and 
tilled  it  three-quarters  full,  slopping  and  screwing  up  the 
broken  end,  as  also  the  touch-hole,  and  n>aking  a  constant 
fire  under  it ;  within  twenty-four  hours  it  burst,  and  made 
a  great  crack ;  so  that  having  found  a  way  to  make  my  ves- 
sels, so  that  they  are  strengthened  by  the  force  within  them, 
and  the  one  to  fill  aAer  the  other,  I  have  seen  the  water 
run  like  a  constant  fountain-stream  forty  feet  high;  one 
vessel  of  water,  rarified  by  fire,  driveth  up  forty  of  cold 
water:  and  a  man  that  tends  the  work,  is  but  to  turn  two 
cocks,  that  one  vessel  of  water  being  consumed,  another 
begins  to  force  and  refill  with  cold  water,  and  so  succes- 
sivfily,  the  fire  being  tended,  and  kept  constant,  which  the 
self-same  person  may  likewise  abundantly  perform  in  the 
interim,  between  the  necessity  of  turning  the  said  cocks." 
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From  this  account  Dr.  Hobinson  founds  An  opinion  that 
''the  steam  engine  waH,  beyond  all  doubt,  the  invention  ot* 
the  Morquis  of  Worcester."  It  is  probable  that  the  learned 
doctor  was  unacquainted  with  De  ('aus  and  Branca *h 
previous  experiments,  or  he  could  not  have  come  to  ihii 
conclusion.  But  whilst  we  cannot  admit  the  Marquis  lo  be 
entitled  lo  the  extravagant  encomiums  uhich  have  been 
lavished  upon  him,  we  are  far  from  disallowing  his  inven- 
tion to  possess  merit  and  originalilv.  The  annexed  drawiniir 
we  consider  to  embody  the  Marquiss  idea  more  perfectlv 
than  any  we  have  seen,  although  there  must  be  several  parts 
unexplained. 

The  most  difiicult  and  unintelligible  seems  to  have 
been  the  *'  forcing  and  refilling/'  which  (but  for  its 
being  a  mechanical  impossibility)  one  should  imagine  lo 
mean  that  both  these  operations  were  going  on  at  the  same 
time,  in  the  same  vessel.  The  easiest  way  of  getting  over 
this  difficulty  seems  to  be  by  supposing  the  ^*  refilling**  lo 
allude  to  the  filling  of  the  cistern,  to  which  the  water  must 
be  elevated.  So  that,  instead  of  saying,  '^  the  other  begins 
lo  Ibrce  and  refill/*  we  should  say,  the  other  begins  to  force 
ard  refill  the  cistern.  This,  ue  confess,  i^  a  straining  of  (he 
text,  but  at  the  same  time  much  less  so  than  Dr.  Brewster's 
corrections,  who  reads  :  ^^  One  vessel  of  water  being  con- 
Burned,  another  begins  to  force,  and  th^n  to  fill  itself  with 
cold  water/'  or  than  the  author  ofStewart's  History  of  the 
Steam  Engine,  uho,  in  order  to  accommodate  the  text  to 
Acs  idea  of  the  engine,  nmkt*s  an  emendation  by  Having, 'Mo 
force  and  empty  of  cold  water/' — The  strengthening  of  a 
vessel  by  the  force  within,  also  appears  to  be  a  mechani- 
cal impossibility;  but  we  conceive  that,  lo  an  extent  equal 
to  any  force  required  for  raising  water,  a  boiler,  of  Iho 
form  represented  in  the  figure,  would  be  strengthened  by  the 
interDttl  pressure. 
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The  Marquis  of  Worcester's  Engine,  16G3. 

In  the  above  figure,  a  represents  the  boiler,  composed  of 
.arched  iron  plates,  with  their  convex  sides  turned  inwards, 
they  are  fastened  at  the  joinings  by  bolts  passing  through 
'liolos  iu  their  sideS|^  wliich  alno  pass  through  the  ends  of  the 
rods  i  i  L  A  series  of  which  rods  extend  from  end  to  end  of 
the  boiler,  being  a  few  inches  apart.  The  ends  of  this  boi- 
^ler  are  hemispherical,  and  are  fastened  to  flanges  on  the 
platM  h  h  h  h.  It  will  appear  evident  that,  each  plate 
being  an  arch,  before  the  boiler  can  burst,  several,  if  not 
nearly  all  llie  rods  i  i,  must  cither  be  pulled  asunder,  or 
torn  from  the  bolts  at  the  points  of  junction  ;  and  as  the 
strength  of  the  rods  and  bolts  may  be  increased  to  any  ex- 
tent, without  interrupting  the  action  of  the  fire,  there  can 
be  no  doubt  but  that  a  boiler  might  be  so  constructed  as  to 
be  perfectly  safe  under  any  pressure,  which  could  be  re- 
quired  for  raising  water  to  a  given  height,  because  the 
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pressure  in  such  n  lioilrr  will  never  exceed  (he  weight  otm 
column  oT  water,  ec|uul  in  height  to  the  elevation  of  the 
cistern. 

h  c  represent  two  vessels,  which  communicate  with  the 
boiler  a,  by  inean^  oflhe  pipes//,  and  three-way  cocks  m  n, 
and  with  the  reservoir  fruin  which  the  water  in  to  be  drawn 
by  the  pipf»s  /  /.  g  g  are  two  tubcH,  through  which  the 
water  in  elevated  to  the  cistern  ;  they  reach  nearly  to  the 
bottom  of  the  ves^eU  b  c,  and  are  open  at  each  end.  The 
pipe  /,  also//,  communicate  with  the  vessels  ^  c,  by  means 
nf  (he  three-way  cocks  m  ii,  which,  by  moving  (he 
handles  o  p,  can  be  so  placed  that  either  the  steuin  Troni  the 
boiler,  or  the  water  from  the  reservoir,  shall  instantly 
have  access  to  the  vessels  b  c. 

Fire  having  been  kindled  under  the  boiler  a,  in  (he  fur- 
nace d,  'Mhe  man  who  (ends  the  work*  places  the  cock  rr, 
in  the  position  ropreacntod  in  the  drawing,  when  the  water 
will  have  free  access  from  the  reservoir  (o  the  vessel  c, 
which  being  filled,  the  handle  p  is  turned  buck,  .^o  that  the 
cock  sliall  be  relatively  in  the  positiiui  hhown  atm;  the 
steam  then  fairly  enters  through  the  pipe/,  into  the  vessel  c, 
and  having  no  other  mode  of  esciipe,  presses  on  the  Hurface 
ofthe  water,  which  it  force-^  np  ihrough  Ihepipc^.  During 
this  operation,  (the  cock  m  having  been  placed  as  shewn  at 
n,)  (he  vessel  6  is  fillin<;  from  the  reservoir  through  the  pipe 
/;  so  that  (he  water  in  (he  vessel  c,  beini;  consumed,  (be 
man  turns  the  handle  o,  of  the  cock  /),  and  ndmits  the  ste^m 
on  (he  surface  of  the  water  in  A,  shutting  off,  by  the  same  ope- 
ration, the  communication  betw<ren/>und  the  reservoir;  the 
other  then  begins  to  repeat  the  actofJiUiiiff  the  ciatemy  ^*and 
80  successivelvi  (he  fire  being  tended  and  kept  constant.** 

This  apparatus,  we  submit,  approaches  nearer  (han  any 
to  the  idea  which  we  of  the  present  day  might  form  from  (he 
Marquis's  description  ;  but  it  should  lie  ol>served,  that,  by 
»uch  a  modification,  we  may  l>e  giving  him  credit  for 
arrangement  to  an  extent  which  he  himself  never  contem- 
plated. In  fact,  though  there  can  be  no  doubt  but  (hat  he 
meant  to  de^*ribc  u  nmchine  actuated  by  (he  force  of 
■team,  yet  the  absurdity  of  many  of  the  remiiining  nine* 


HORELAND  i  ENOINC. 


la 


tf-niiie  of  bis  projects  and  the  ambiguity  of  thi.s,  warrant 
us  to  liazard  a  conjecture  that  lie  intended  to  gain  bis 
object  by  some  arrangement  of  mechanism  equally  absurd 
with  them.  That  his  description  is  ambiguous  and  con- 
tradictory, none  can  deny;  in  fact,  the  strongest  evidence 
ofihis,  is  the  very  different  manner  in  which  ingenious  men 
have  attempted  to  represent  his  machine. 

But,  \%hatever  value  may  be  set  on  the  Marquises  merit 
as  aa  inventor,  we  have  not  the  slightest  evidence  of  his 
iuving  carried  any  of  his  projects  into  execution.  In  truth, 
judging  by  the  character  of  the  man,  many  have  been  led  to 
question  his  title  to  their  invention;  for,  according  to 
Walpole,  '^He  appeal's  in  a  very  different  light  in  hinpublic 
character,  and  in  that  of  an  author.  In  the  former,  he  was 
an  active  zealot;  and  in  the  latter,  a  fantastic  mechanic:  in 
both,  very  credulous.** — "  We  find  him  taking  oath  upon 
oath  to  tfie  Pope's  nuncio,  with  promises  of  unlimited  obe- 
dience both  to  his  holiness  and  to  hk  delegate ;  and  begging 
6ve  hundred  pounds  of  the  Irish  clergy,  to  enable  him  to 
embark  and  fetch  fifty  thousand  pounds;  like  an  alchymist 
who  begs  a  trifle  of  money,  for  the  secret  of  making  gold;" 
^when,  according  to  another  author,  *'  he  had  not  a  groat 
inhi9purse,or as  much  gunpowder  aswould  scare  a  corbie,'* 

About  twenty  ycai-s  after  this,  (1692  and  1683),  we  find 
}^ir  Samuel  Moreland,  in  France,  endeavouring  to  promote 
a  project  for  raising  water  by  steam.  His  invention  was 
exhibited  to  the  French  King,  at  St.  Germains;  but,  unfor- 
lu«ately,  no  record  remains  of  the  experiment.  An  ac- 
count of  some  of  his  experiments  on  the  force  of  steam, 
horever,  is  preserved  among  the  Marleian  Manuscripts*  in 
ihe  British  Museum,  which  is  evidently  the  result  of  great 
rare,  and  exhibits  much  correctness  in  the  calculations. 

About  the  year  1680,  Dr.  Denys  Papin,  a  native  of  Blois, 
commenced  a  series  of  experiments  on  the  power  of  steam, 
which  terminated  in  the  construction  of  an  useful  and  inge- 
nious machine,  a  description  of  which  we  will  speedily  give. 
In  1634  he  had  discovered  ibe  method  of  dissolving  bones 
by  steam  of  a  very  high  pressure  and  temperature,  and  in 


u 


PAPIN'd  CKmRIMBNTC — (ArETV   VALVkt 


Ihbinvenlion  introduced  that  simple  Uiit  inseparable  accom- 
paniment ofcvery  steam  eii^^ine,  THK  SA  FKTY  VALVE. 

This  invention  (without  uhich  sleam  would,  lon^  ere  thi!t| 
hnve  been  abandoned  as  a  most  d&ngerous  and  ungovern- 
able assent,)  entitle;;!  Papin  to  univeixal  admiration  ;  since  it 
has  contributed  more  than  any  tiinglo  addition  or  improve- 
ment to  the  maturity  of  the  steam  engine. 

The  course  of  Papin's  experiments  occupied  a  number  of 
years,  iind  in  their  prosi^re«s  many  ideas  occurred  to  him, 
which  have  since  been  adopted  a**  important  improvement!!. 
Ilis  earliest  project  was  that  ot^  using  an  air  pump,  for  the 
purpose  of  transmitting  power  to  some  distance^  in  order  to 
raise  water  where  the  first  mover  could  not  be  conveniently 
applied.  For  iui^tance,  where  a  fall  of  water  could  be  ob- 
tained, he  prop«se<l  to  erect  a  water  wheel,  which  should 
work  an  air  pump.  Thi^  nir  pump  he  intended  to  connect 
by  pipes  with  another  pump  at  the  place  where  the  mine 
was  biluated.  When  by  the  crank  on  the  water  wheel  the 
piston  of  one  pump  was  depressed,  the  air  in  the  pipes 
would  bt'  condensed,  and  force  up  the  piston  of  the 
other  cylinder  ;  and  when  the  piston  of  the  first  cylin* 
der  was  elevated,  that  of  the  second  would  be  drawn 
down  by  partial  vacuum  which  the  elevation  produced. 
Thin  experiment  failed  even  in  a  model^  owing  to  the 
great  compressibility  of  the  air,  and  Papin  directed  h\n 
studies  to  the  discovery  of  some  means  of  forming  a  va- 
cuum under  his  piston.  In  1G88  he  described  a  method 
of  effecting  this,  by  first  displacing  the  air  by  exploding 
gunpowder.  This  he  abandoned  as  dangerous:  and,  finally, 
after  various  experiments  and  failures,  in  1690  he  suggested 
the  employment  of  steam  for  raising  the  piston,  and  after- 
wards forminj:  a  vacuum  in  the  cylinder  by  its  condensation. 
lie  states— ^^  that  in  a  little  water,  changed  into  steam  by 
means  of  fire,  we  can  have  an  elastic  power  like  air;  but 
that  it  totally  diKuppeara  when  chilled,  and  changes  into 
water,  by  which  moans  he  perceived,  that  he  could  contrive 
R  machine  in  such  a  manner  that  with  a  small  fire  he  could 
|]«*  able,  at  a  trifling  expense,  to  have  a  perfect  vacuum.*' 
After  noticing  the  difitculty  of  making  a  vacuum  by  gun- 
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powder,  he  observes,  *•  where  there  may  not  be  the  conve- 
niency  of  a  near  river  to  turn  the  aforesaid  engine,  1  pro- 
pose alternately  iurn'iag  a  small  surface  o(wa\er  into  vapour 
by  fire,  applied  to  the  bottom  of  the  cylinder  which  con- 
tains it :  which  vapour  forces  up  the  plug  or  piston  in  the 
cylinder  to  a  considerable  height,  and  which,  as  the  water 
coob  when  taken  from  the  fire,  descends  again  by  air's 
pressure,  and  is  applied  to  raise  water  out  of  the  mine." 

Thi^,  as  far  as  discovery  goes,  entitles  Papin  to  the  merit 
of  having  (inst  invented  the  well-known  Atmospheric  Steam 
Engine:  and,  probably,  had  he  followed  up  the  idea  by 
actual  experiment,  we  would  have  had  to  record  him  as  the 
man  who  first  brought  it  into  successful  operation.  But  the 
greatest  merit  U  not  always  due  to  the  inventor  ;  thousands 
of  the  mo«it  brilliant  discoveries  have  perished  for  want  of 
industry  or  talent  to  foster  them.  The  man  who  first  invents 
and  afterwards  struggles  through  every  difficulty,  and  by 
the  greatest  sacrifices  and  perseverance  brings  it  into  actual 
practice,  perhaps  outsteps  the  projector  of  the  most  refined 
contrivance  of  which  hbtory  can  boast. 

Whilst  Papin  wa^  prosecuting  these  interesting  experi- 
ments, a  sea-f*aring  man,  named  Thomas Savery,  or,  as  he  is 
commonly  called,  Captain  Savery,  was  engaged  in  England, 
in  endeavouring  to  bring  into  notice  an  engine  of  his  in- 
vention, which  possessed  greut  merit.  The  description  of 
ho  nacfaine  was  published  in  a  work  of  his,  called  "  The 
Miner^tf  Friend."  This  work  is  dated  1702,  and  contains, 
besides  a  candid  detail  of  tho  principle,  much  useful 
instruction  relative  to  the  proper  management  of  his 
machine.  The  lil)crality  and  honest  appeal  to  experiment 
which  pervades  *he  whole  work,  forms  a  rare  and  strik« 
ing  contrast  wit-^  the  self-sufficiency  and  conceit  which 
■re  too  generally  to  be  found  in  productions  of  thin 
nature.  Savery  exhibited  his  model  before  King  William, 
tvho  warmly  interested  himself  in  the  project.  In  June, 
IG99,  he  obtained  a  patent,  granting  him  the  exclusive 
privilege  of  manutacture.  We  subjoin  a  description  nearly 
io  the  word^  of  the  inventor. 
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(Savory' i  Patent  Engine,     1099.) 


the 


^ood  doiibli 


^'The  first  thini^  i$i,  to  fix  the  engine  in  a  ^ood  doiiDie 
furnace,  so  contrived  that  the  Hume  of  your  fire  may  circu- 
late round,  and  encompass  your  boilers,  as  you  do  coppers 
for  brewing.  Before  you  make  any  fire,  unncrew  O  and  N, 
beini^  the  two  Muiall  guage  pipes  and  cocks  bclan^ing  to  the 
two  builer>iy  and  at  the  holes  till  L,  the  large  boiler,  ttvo- 
thirds  full  of  water,  and  D,  the  small  boiler  quite  full.  Tben 
screw  on  the  said  pipes  again  as  fast  and  as  tight  as  possi- 
ble. Then  li§:ht  the  (ire  at  B,  and,  when  the  water  in  L 
boiU,  open  the  cuck  of  the  first  ves-tel  P  (shown  in  section) 
which  makes  all  the  steam  rising  from  the  water  in  L  pass 
with  irresistible  force  through  O  into  P,  pushing  out  all  the 
air  before  it  through  the  clack  R  ;  and  w  hen  all  is  gone  out, 
the  bottom  of  the  vessel  P  will  be  very  hut  ;  then  shut  the 
cock  of  the  pipe  of  this  vessel,  and  open  the  cock  of  the 
other  vessel  P,  until  that  vessel  hasdijtcharged  its  air  through 
the  clack  R  up  the  force  pipe  S.  In  the  mean  time,  by  the 
it€am*$  condensing  in  the  vessel  P,  a  vacuum,  or  emptinoM, 
is  created,  so  that  the  water  from  the  well  must  and  will 
necessarily  rise  up  through  the  sucking  piiM*  T,  lifting  up 
the  clack  M,  and  filling  the  vessel  P. 

*'  In  the  naean  time,  the  first  vessel  P  being  emptied  of 
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its  air,  open  the  cock  again,  and  the  force  in  upon  the  sur- 
face of  the  water,  and  presses  with  an  elastic  quality  like 
air,  still  increasing  in  elasticity  or  spring  till  it  couuter- 
poiMs,  or  rather  exceeds,  the  weight  of  the  water  ascending 
in  S,  the  pipe,  out  of  which  ihe  water  in  it  will  be  imme- 
diately discharged  when  once  gotten  to  the  top,  which 
lakes  up  some  time  to  recover  that  power;  which  having 
once  got,  and  being  in  work,  it  im  easy  for  one  that  never  saw 
the  engine,  after  half  an  hour's  experience,  to  keep  a  con- 
sUnl  stream  running  out  the  full  bore  of  the  pipe.  On  the 
outside  of  the  vessel  you  may  see  how  the  water  goes  out,  as 
well  as  if  the  vessel  were  transparent;  for  as  far  as  (he 
iteain  continues  within  the  vessel,  so  far  is  the  vcshcI  dry 
without,  and  so  very  hot,  as  scarce  to  endure  the  least 
touch  of  the  hand.  But  as  far  as  the  water  is,  Ihe  said  ves- 
tel  will  be  cold  and  wet  where  any  water  has  fallen  on  it, 
which  cold  and  moisture  vanishes  as  fast  as  the  steam  in 
its  descent  takes  place  of  the  water ;  but  if  you  force  all 
the  water  out,  the  steam,  or  a  small  part  thereof,  going 
through  P,  will  rattle  the  clack,  so  as  to  give  sufficient 
notice  to  change  the  cocks,  and  the  steam  will  then  begin 
to  force  upon  the  other  vessel  without  the  least  alteration 
in  the  stream,  only  sometimes  the  stream  of  water  will  be 
somewhat  stronger  than  before,  if  you  change  the  cocks  be- 
fore any  considerable  quantity  of  steam  be  gone  up  the 
clack  R:  but  it  is  better  to  let  none  of  the  steam  go  off, 
for  that  is  *osing  so  much  strength,  and  i^  easily  prevented, 
by  altering  the  cocks  some  little  time  before  Ihe  vessel  is 
emptied/*  — 

The  ingenious  inventor  goes  on  to  explain  minutely  the 
rase  with  which  his  engine  could  be  managed;  however, 
we  have  quoted  sufficient  to  uhew  clearly  the  mode  of  ope- 
ration. He  gives  no  proportions  of  the  parts,  nor  is  it 
probable  that  he  himself  established  any  rule,  but  prin- 
cipally erected  his  engines  by  a  kind  of  mechanical  tact, 
which  he  possessed  in  a  wonderful  degree.  He  seems  (o 
have  considered  that  the  strength  of  his  machine  was  the 
only  limit  to  be  observed  ;  *'  for,"  aaya  he,  ''  I  will  raise 
you  water  500  or   1000  feet  high,  could  vou   find  iis  a  n-av 
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to  procure  strength  enough  for  such  an  ininienHe  weight  n» 
a  pillar  of  water  of  (hat  height :  but  my  engine,  at  GO^  70, 
or  80  feet,  raiije*!  a  full  bureof  water  with  much  case/* 

Captain  Savory *a  invention  shewa  him  to  have  been  a 
man  of  extraordinary  talent  and  ingenuity.  The  real  benefit 
which  it  conferred  upon  society  was  not  alone  confined  to 
the  reduction  of  animal  labour :  it  had  the  effect  of  enabling 
ingenious  mechanics  to  direct  (heir  energies  to  a  subject 
which  had  hitherto  been  a  matter  o(  mere  philosophical 
vpeculalion.  It  furnished  material  for  study  ;  und,  though 
it  was  adopted  with  caution,  and  to  a  very  limited  extent 
by  the  mining  districts,  there  can  be  no  doubt  but  it  was 
the  meann  of  nowing  those  seedi:!  of  talent  wjiich  have  since 
enabled  this  country  to  outstep  every  other  in  the  superior 
manufacture  of  steam  machinery. 

The  honourable  fame  which  the  invention  obtained  him 
could  not  be  enjoyed  without  detraction.  Envious  coo* 
temporarieii  were  busily  engaged  in  endeavouring  to  injure, 
by  fake  accusation,  the  character  which  ^uvery  obtained 
Desaguliers  unequivocably  asserts  that  Captain  Savery 
merely  put  in  practice  the  Marquis  of  Worcester's  plan  for 
raising  water ;  and,  the  better  to  conceal  the  fact,  bought 
up  and  burnt  all  the  copies  of  Lord  Worcester*s  Work  on 
which  he  could  lay  his  hands. 

It  has  l>een  very  properly  observed  by  Dr.  Robinson,  that 
such  a  charge  ought  to  be  substantiated  by  very  distinct  evi* 
dence.  Now,  as  we  have  no  evidence,  excepting  Uiat  of  Or. 
Desaguliers,  we  shall  inquire  a^  to  the  value  which  may  be 
•et  on  his.  We  shall  go  no  further  than  quote  his  account 
of  the  origin  of  packing  the  piston  of  a  steam  engine.  He 
states,  that  "  having  screwed  a  large  broad  piece  of  leather 
(o  the  piston,  which  turned  up  the  sides  of  the  cylinder  two 
or  three  inches,  in  working,  it  wore  through,  and  cut  that 
piece  from  the  other,  which,  falling  flat  on  the  piston,  - 
wrought  with  its  edge  to  the  cylinder,  and,  having  been  in  I 
m  long  time,  was  worn  very  narrow  :  which  being  taken 
out,  they  had  the  happy  discovery,  whereby  they  found  that 
a  oridle  rein,  or  even  a  soft  thick  piece  of  rope,  going 
round,  would  make  the  piston  air  and  water  tight.**     On 
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iblowep remarks,  that  *'ive  need  not  say  any  thing 
to  the  practical  engineer  abotit  leathering  a  steam  piaton  ; 
tior  is  it  necessary  to  comment  on  the  Doctor^s  acquaint- 
nnce  with  steam  and  leather  in  contact/* 

This  extract  we  imagine  will,  by  impugning  the  Doctor's 
veracity,  completely  set  at  rest  the  charge  made  against 
1  aptain  Savery  ;  but  admitting,  for  the  sake  of  argument, 
that  he  was  even  acquainted  with  the  ^*  Century  of  Inven* 
Hons,'*  we  have  already  sufficiently  shewn  that  it  required 
a  person  to  be  intimately  acquainted  with  the  nature  of 
steam,  before  he  could  even  gueaa  at  the  Marquis*^  project. 
All  that  could  be  gathered  from  his  68tb  article  was, 
that  water  could  somehow  lie  raised  by  steam,  by  a  certain 
uiidL*%cribed  arrangement  of  cocks,  pipt-'^i  '■''^i  ^'^^  water. 
Uut  we  have,  in  Savery's  Engine,  a  detail  of  the  most  per- 
ffct  mechanism  ;  besides  which,  it  should  be  borne  in  mind 
that  the  Marquis  stales  his  engine  does  not  operate  by 
ittcking  up  the  wattr^  ivhilst  it  is  the  essential  requisite  of 
Saver)  s  apparadi'^. 

We  quitted  Dr.  Papin  to  detail  the  important  results  of 
Captain  Savery'a  experiments,  which  were  published  in  the 
interim  between  the  commencement  and  conclusion  of  those 
ol'the  ingenious  Doctor,  who,  in  16^^«  we  find  still  perse- 
vering in  his  project  for  raising  water  by  steam,  under  the 
patronage  of  the  Elector  of  Hesse.  In  1705  he  received 
from  the  celebrated  philosopher,  Leibnitz,  (who  had  seen 
ifomeof  tbem  in  operation.)  a  drawing  and  description  of 
Savery's  engine.  It  is  to  be  regretted  that  Papin  ever  re- 
ceived this  communication,  as  it  has  been  shewn  that  he  had 
actually  projected  a  plan,  which,  if  carried  into  operation, 
would  have  constituted  the  Atmospheric  Engine,  invented 
b)  N'ewcomen.  But.  unfortunately,  the  success  of  Captain 
Savery  diverted  his  mind  from  the  superior  project  of  form- 
ing a  vacuum  under  a  piston,  and  by  the  command  of  his 
patron,  the  elector,  he  set  about  to  improve  Savery^s  ma- 
chine, which  is  universally  allowed  to  be  inferior  in  effect 
(o  the  other.  The  talent  of  Papin.  directed  to  the  Atmos- 
pheric Engine,  must  have  produced  most  important  results, 
which,  however,  have  been  lost  by  the  success  of  Caplain 
Saver) *s  machine. 
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l*h(*  con^jcquence  of  Ihin  couise  of  experiment  was  the 
publication  ofa^New  Melhodofraising  Water  by  the  force 
of  Fire,'*  dated  nt  Cusscl,  1707.  lie  acknowlrdjjes  thai 
Savery  had  hit  oii  another  mode,  without  knowing  hi:*  ex- 
perimcnti.    The  following  is  a  description  of  the  machine. 

A  boiler  a,  made  of  copper,  communicates  by  a  pipe  with 
a  cylinder,  i\  which  forms  the  body  of  the  pump.  This 
cylinder  is  altitched  to  an  upright  pipe  o  q^  which  enters 
the  cylinder  r  r,  rising  to  within  a  short  distance  of  its  top, 
I'hiii  latter  cylinder  i^  air  tight,  and  has  a  pipe  u;,  smaller 
in  its  bore  than  the  pipe  07.  The  pipe  between  the  boiler 
and  cylinder  has  a  stop  cock  at  c^  /is  the  safety  valve 
which  prevents  the  explosion  of  the  boiler,  by  yielding  to 
the  force  of  the  steam,  and  allowing  it  to  escape  when  it 
exceeds  a  certain  pressure,  which  i»  regulated  by  shifting 
the  weight/on  the  lever.  Within  the  cylinder  is  a  piston 
or  float,  II,  made  of  thin  plates  of  metal,  and  loaded  with 
thr  weight  h^  forming  a  part  of  a  hollow  cylinder,  which 
flouts  on  the  surface  of  the  water. 


(X>r.  Paplns  EHfjinc.     1707.) 
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Wben  a  Hufficieni  quantity  of  steam  is  generated  in  the 
boiler  a,  the  cock  h  opened  to  allow  it  lo  flow  into  the  punp 
cylinder  i,  forcins;  the  water,  which  is  beneath  it,  throng 
the  pipe  09,  until  it  falls  at  the  upper  end  g,  into  (he  receiver 
rr;  since  itcannot  flow  away  through  the  pipe  w,  so  rapidly 
M  it  comes  in,  on  account  of  the  pipe  w  being  Bmaller,  U 
Hsea  and  compresses  the  air  into  the  upper  part  of  the  re> 
ceivcr.  As  it  escapes  through  u;,  it  issues  with  relocity  oa 
the  water  wheel  s,  to  which  it  gives  motion  in  the  u=ual 
manner.  When  the  floater  n  has  reached  the  bottom  of 
that  cylinder,  the  cock  c  is  shut,  which  prevents  the  further 
admission  of  steam  from  the  boiler,  into  the  pump  cUinder, 
above  Ore  floater;  and  the  valve  g  is  lifted,  to  allow  the 
ftleam  above  the  floater  to  escape  into  the  atmo«pbere;  a 
vacuum  speedily  forms  in  this  space,  which  is  as  speedily 
filled  up  by  water  from  the  mine,  through  the  clack  at  the 
bottom  of  t;  the  clack  o  opening  upwards,  prevents  the 
column  of  water  in  o  g  from  descending,  whilst  the  coai« 
pressed  air  r  r,  keeps  a  constant  stream  on  the  wheel. 
When  the  floater  has  risen  to  its  proper  position,  the  steam 
is  u<;uia  admitted  on  the  surface  of  the  floater,  and  drives 
up  the  water  as  before. 

This  machine  Papin  publiished  as  the  invention  of  the 
Elector  of  tiesse,  but  it  is  quite  obvious  that  his  disposition 
to  flatter  his  patron,  rather  than  the  regard  to  truth,  canacd 
him  lo  make  this  statement.  We  have  already  expre9«^ 
our  re«;ret  that  Papin  did  not  persevere  in  his  idea  of  the 
Aimospheric  Etigme.  As  it  is,  he  has  shewn  himself  to  be 
a  man  of  great  talent  and  originality. 

It  ha4  been  already  observed  that  the  beneBcial  eIRBcta 

'8avery*8  invention  were  not  confined  to  the  reduction  of 
iraitnal  exertion.  This,  though  a  grand,  was  not  the  prin- 
cipal rcHult  which  arose  from  its  introduction;  for  the 
^reat  danger,  or  more  probably/ear,  of  explosion,  tended 
to  counteract  its  general  adoption.  We  say,  therefor*', 
that  the  greatest  benefit  which  it  created  was  that  of 
bmiliarising  all  mechanics  with  the  nature  of  steam;  its 
vlftsticit)  when  heated,  and  its  sucking  power  when  coolrd; 
iod  when  Sa\pi\'s  engine   wa^  fonnd   inadequate  to  the 
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proposed  enJ,  ingenuity  wa»  an  the  alert  to  apply  these  in 
some  more  efficient  miinner.  Thi«  feeling  found  its  wuj  to 
the  ancient  town  of  Dartmouth,  in  Devonfthire,  luid  drew 
forth  the  attention  of  Thomus  Newcomen,  b  blackftmith. 
This  man,  though  posse^ned  of  little  scientiHc  knowledge, 
was  endowed  with  a  clear  head, and  great  inventive  powers. 
We  are  informed  thiit  he  had  seen  one  of  HaveryVenginet, 
when  he  conceived  the  po^itiibility  of  obtaining  power  in  m 
manner  similar  to  that  proposed  by  Pnpin  in  his  first  pro- 
ject,  namely,  by  a  water-wheel  working  two  air  pumps. 
He  was  so  completely  convinced  of  the  feasibility  of  bit 
plan,  that  he  applied  to  Dr.  Mooke  on  the  subject,  who,  it 
appears,  dissuaded  him  from  the  prosecution,  adding  this 
remarkable  suggeition,  '*  If  )ou  could  make  a  speedy 
vacuum  in  your  second  cylinder,  your  work  is  done.*' 

Ne\4comeny  we  are  informed,  was  for  some  time  en- 
grossed with  the  new  train  of  ideas  to  which  this  hint  led 
him,  till  at  length  he  conceived  the  power  of  tttcam  would, 
in  every  respect,  answer  the  end  ;  and,  according  to 
I>6sngtilten«,  he  communicated  his  project  to  his  friend  and 
ssflociute,  John  Cawley,  a  glacier,  with  whom  he  made 
several  private  experiments  in  the  year  1710,  and  in  the 
latter  end  of  the  following  year  made  proposals  to  drain  « 
colliery  at  Griff*,  in  Warwickshire,  which  had  previously 
been  drained  by  horstw,  in  which  work  500  were  employed, 
nt  the  ex{>ense  of  £900  a  year;  but  the  application  not 
being  received  as  they  expected,  in  the  IVlarch  following 
thc-y  bargained  to  draw  water  for  Mr.  Back,  of  Wolver- 
hampton, ^*  where,  aAer  a  great  many  laborious  attemptn, 
the)  succreded  in  making  the  engine  work.** 

l^o  such  of  our  readers  as  are  unacquainted  with  the 
principle  of  the  Newcomen  engine  in  its  simplest  form,  we 
recommend  the  following  experiment : — Into  the  perfora- 
tion of  a  small  glass  globe,  partly  61led  with  water,  iotro* 
duce  the  mouth  of  a  common  syringe.  Form  a  luting  round 
the  joining,  so  as  to  render  the  joint  good  and  tight 
AppI)  this  to  ibe  flame  of  a  lump,  and,  as  hoou  us  the  water 
boils,  the  steam  formed  llierchy  will  force  up  the  rod  of  tha 
ayringe  to  the  lop  :   ininn'r^c  ilir  wIidIi'  in  told  water,  and 
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ihe  rod  will  as  speedily  descend.  Apply  the  lump  a^aiii, 
ftnd  the  rod  will  ag'ain  be  raised,  and  upon  plun^in<r  it 
again  into  cold  water  it  will  descend  a:^  before;  these  mo- 
tions may  be  repeated  ad  infinitum. 

Newcomen  and  Cawley  being  assured  of  success,  were 
about  applying  for  a  patent,  when  Savery  claimed  the 
ioveotion  as  his,  on  the  ground  that  the  method  of  procu* 
ring  a  vacuum  by  steam  was  his  discovery:  they  were, 
therefore,  obliged  to  allow  his  name  to  be  associated  in  the 
grant  which  they  obtained  in  1705. 

We  present  our  readers  with  a  novel  drawing  of  New* 
comen*s  engine;  we  are  not  aware  that  such  a  machine  was 
ever  in  operation,  but  as  it  represents  some  of  (he  parts  in 
a  aingalar  form,  and  shows  clearly  the  mode  of  operation, 
we  shall  offer  no  apology  for  using  it  in  our  explanation. 
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a  represents  the  boiler^  of  which  b  is  the  safety  valve, 
beiug  a  weight  placed  on  a  clack,  which  yields  to  steam 
above  a  certain  pressure,  and  prevents  explosion,  c  is  the 
cylinder,  open  at  the  top,  having  three  holi^  «t  the  bot- 
toni|  d  e/.  The  hole  e  admitu  the  steam  from  the  boiler; 
the  hole  d  admits  a  jet  of  cold  water  from  the  reservoir 
g^  in  order  to  expedite  the  condensation  of  (he  steam. 
yis  a  pipe  for  the  exit  of  the  condensed  steam,  and  to  get 
water  from  the  cylinder,  h  is  the  piston  or  plunger,  whose 
diameter  exactly  fills  the  area  of  the  cylinder.  It  u 
packed  or  stuffed  on  its  edge,  so  as  to  preserve  the  vacuum 
as  perfect  as  possible:  i  is  the  beam,  or  (as  it  is  called  in 
some  of  the  coal  districts)  the  loggerhead,  for  the  purpose 
of  communicating  the  motion  of  the  piston  to  the  pumps 
in  the  mine. 

A  sufficient  ifuantity  of  steam  is  first  formed  in  the 
boiler,  when  the  boy  pushes  the  handle  or  lever  which  he  ■ 
holds  down  to  J,  which,  by  the  wheels  and  band,  opens  the 
cock  k,  and  allows  the  steam  to  enter  the  cylinder.  The 
steam  being  only  sufficient  to  equal  the  pressure  of  the 
atmosphere,  will  not  of  itself  lift  the  piston  and  logger- 
head;  it  is  therefore  necessary  that  some  means  should  be 
adopted  to  aid  it  in  its  ascent.  This  is  done  by  means  of 
the  weight  or  counterpoise  /,  so  that  by  the  force  of  the 
steam  and  gravity  of  the  counterpoise,  the  pi^tton  is  eleva- 
ted to  the  top  of  the  cylinder,  and  forces  down  the  pump 
rod  m  into  the  pump  in  the  mine.  When  this  is  effected, 
the  boy  returns  the  handle  to  iia  original  position  (shewn 
in  tht  drawing)  which  prevents  the  admission  of  more 
steam  from  the  boiler,  and  at  the  same  lime  opens  the  cock 
n,  so  as  to  admit  u  small  quantity  of  cold  water  from  the 
reservoir  g  into  the  cylinder;  this,  by  dispersing  itself 
among  the  steam  in  the  cylinder,  almost  instantly  con- 
denses it,  so  that  a  vacuum  is  obtained,  and  (he  pressure 
of  the  atmosphere  meeting  with  no  resistance,  presses 
down  the  piston,  and  thereby  raises  the  pump  bucket  in 
the  mine.  The  handle  is  again  depressed  to  j-,  which 
allows  fresh  steam  to  enter  the  cylinder,  and  elevate  the 
piston  as  before.     To  prevent  the  accumulation  of  water 
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in  the  cylinder,  the  pipe  o  h  of  such  length,  tlwt  tW 
veig^hl  ofti  column  of  watpr  within  it  exceeds  tlul  of  & 
column  of  the  atmosphere,  bo  that  the  water  runs  a€  hr 
its  own  grarity. 

The  force  of  this  engine,  therefore,  consists  entirely  of 
the  pressure  of  (he  atmosphere,  differing  eseotiAlly  fram 
Papin  and  Savery,  both  of  whom  used  the  force  nf  itf 
93  well  as  a  vacuum.  By  thi^i  method  the  danger  of  bvnt- 
iik^  the  boiler  was  nearly  obviated,  as  the  prensre  of  oae 
or  two  pounds  on  the  inch  on  the  boiler  was  smfioest  lo 
work  the  engine.  The  power  must  be  reiptlated  by  tW 
•re*  of  the  piston,  because,  as  the  pressure  of  the  arr  9tl' 
dom  exceeds  \4{  lbs.  on  aii  inch  in  a  ^ven  area,  wr  caa 
never  obtain  more  than  a  given  power:  thna,  wm^ipmm^ 
the  area  to  be  100  inches,  and  the  pressure  oftlM  ataat-- 
phere  14 lbs.  per  inch,  the  pump  ptifton  would  «i  cacfc 
stroke  lift  1400  lbs.  of  water  at  each  «troke  of  the  euctBc, 
a  height  equal  to  the  length  of  the  cylinder.  This,  be«- 
erer,  is  far  above  (he  real  perfonnaDce:  as  fnctioa  maA 
imperfect  condensation  seldom  leave  more  than  oae  Ihir4 
of  the  power. 

In  the  first  engine  of  Newcomen,  the  steam  was  ool  coa- 
def»9ad  by  an  injection,  but  merely  by  surrouadia^  iW 
cylinder  with  cold  water.  Condensation  by  a  jei  m  m4 
to  have  been  di-^covered  from  an  accidental  hole  ia  ihm 
ryliader,  allowing  (he  water  which  surrnoaded  it  to  i^ 
into  the  inside,  and  thus  the  bpeed  of  the  engiae  was 
doubled.  When  the  cause  of  thi^  wa«  a«c^rtaiaed,  tib* 
injection  cock  was  added,  as  a  matter  of  courve.  We 
ihould  also  state,  that  the  machine  wa^  by  ao  mraai  aa 
simple  as  our  drawing  represents;  a  nuail>ar  nf  ratrWa 
ind  springs  being  necessary  to  obtain  the  changes  of  ihe 
cocks;  the  uncertainty  arising  from  (he  employmeat  of 
bo}s  was  likewise  a  matter  of  much  vexation  and  incoava- 
nience.  This  evil,  however,  produced  its  own  reaiedy ; 
tor  a  bov,  named  Humphrey  Potter,  being  inclined  ti» 
Kog,  or  skulk,  attached  the  lever  which  worked  the  TaJve 
to  the  beam  by  means  of  a  cord  and  weight,  by  which  nddi" 
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lion  the  engine  iUelf  produced  the  necessary  motion. 
This  he  called  a  *'  scogger,'' 

With  this  addition,  Newcomen'H  engine  approached 
very  nearly  to  a  ^elf-acting  one;  but  still  the  turning  of 
cock<)  and  Blling  of  reservoirs  n'a<)  obliged  to  he  in  part 
left  to  careless  men,  and  as  the  precision  of  the  work  de- 
pended upon  these,  frer]uent  derangement  was  the  conse- 
quence ;  until  Mr.  Henry  Beighton,  of  Newcaslle-upon* 
T}ne,  who  was  a  mathematician,  and  conducted  the 
Ladie!»*  Diary,  from  1714  to  1744,  constructed  what  he 
called  thr  hand  gear,  whereby  motion  was  given  to  all  the 
cocks  and  levers,  by  a  rod  from  the  beam.  Thia  engine 
was  erected  in  1718,  and,  besides  the  improvement  men* 
tioned,  it  was  the  tirst  engine  in  which  a  «fce/-yard  safety 
valve  was  used. 

But  to  the  celebrated  Mr.  Smeaton,  more  than  any 
other  pcrion,  except  the  inventor,  were  the  public  in* 
debtcd  for  the  perfection  to  which  the  Atmospheric 
Engine  was  brought.  His  experience  in  the  construction 
of  almost  every  kind  of  machinery  aided  him  considerably 
in  his  various  modifications  of  this.  In  constructing  an 
engine  for  the  New  River  Company,  in  1767,  he  con- 
Bidored  that  the  stoppage  of  the  water  at  every  stroke,  as 
well  as  putting  the  lever  beam,  piston,  heavy  rods,  and 
chains  from  a  state  of  rest  into  motion,  twice  at  every 
stroke,  was  a  great  loss  of  power  ;  he  therefore  determined 
to  work  the  engine  slower,  and  with  large  pumps,  and 
put  upon  the  piston  all  the  load  it  would  bear.  To 
reduce  the  velocity  of  the  column  of  water  still  more,  ha 
would  place  the  fulcrum  of  the  beam  out  of  the  centre, 
and  make  the  stroke  of  the  piston  nine  feet,  whilst  the 
pump  which  lifti-d  thirty-six  feet  should  work  only  a  six 
feet  stroke.  This  arrangement  obliged  him  to  employ  a 
long  narrow  cylinder,  of  only  eighteen  inches  diameter, 
and  from  this  he  aho  expected  to  obtain  otht*r  advantages, 
vi2*  that  every  part  of  the  steam,  being  nearer  the  surface 
of  the  cylinder,  would  be  more  readily  condensed  ;  and,  in 
consequence,    that    a    lew   quantity   of  iiyoction    water 
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would  serve  the  cylinder,  which  would  itself  be  more 
healed. 

Under  all  these  appearances  of  advantage,  he  ventured 
to  burden  the  piston  witli  a  pressure  of  J 0.4  lbs.  per  inch. 
Thus,  area  of  piston  (eighteen  inches  diameter)  254 ; 
weight  of  the  column  of  water,  thirt)'six  feet  in  the 
purope,  eighteen  inches  diameter,  3960 lbs. ;  of  which  lake 
flix-ninths  for  the  difference  of  the  length  of  stroke,  and  it 
gives*  2ftl01b5.  for  the  weight  to  be  lifted  by  the  piston ; 
tnd  divide  2640  by  ?r>4,  the  area  of  the  piston,  gives 
10.4  lbs.  pressure  per  inch. 

^Having  once  seen  a  common  engine  struggle  under  its 
burthen,'* says  this  ingenious  engineer,  ''  1  thought  myself 
quite  secure  under  those  advantages;  but  how  great 
was  my  surprise  and  mortification,  to  find  that,  instead  of 
rrqatring  less  injection  water  than  common,  although  the 
injection  pump  was  calculated  to  afford  as  much  injection 
water  as  usual,  in  proportion  to  the  area  of  the  cylinder, 
with  a  sufficient  overplus  to  answer  all  imaginable  wants, 
it  wa?  unable  to  support  the  engine  with  injection,  and 
that  two  men  were  obliged  to  ansittt  to  raise  the  injection 
water  <|nickcr,  by  hand,  to  keep  the  engine  in  motion ;  at 
the  same  time  that  the  cylinder  was  so  cold,  1  could  keep 
my  hand  upon  any  part  of  it,  and  bear  it  for  a  length  of 
time  in  the  hot-well.  Dy  good  fortune,  the  engine  per* 
formed  the  work  it  was  appointed  to  do,  as  to  the  raising 
of  water,  but  the  coals  by  no  tneans  answered  my  calcula- 
tion. The  injection  pump  being  enlarged,  the  engine  was 
in  a  state  of  doing  business,  and  I  tried  many  smaller  ex- 
periments, but  without  any  good  cficct,  till  1  altered  the 
fulcrum  of  the  beam  so  much,  as  reduced  the  load  upon 
the  piston  from  lOflhs.  to  S^Ibs.  per  inch.  Under  this 
load,  though  it  shortened  the  stroke  at  the  pump  ^nd,  the 
engine  went  so  much  quicker  as  not  only  to  rai^e  more 
Wftter,  but  cotisume  less  coals;  took  less  injection  wat6r; 
the  cylinder  became  hot,  and  the  injection  water  cartW?  ofl< 
•I  180'  of  Fahrenlieit;  and  the  engine,  in  every  refefrect, 
not  only  did  its  work  better,  but  went  more  pleasantly. 
This  at  once  convinced  me  that  a  considerable  degree  of 
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conderiHalion  of  the  sleam  took  place  in  entering  (he  cy- 
linder, aiid  that  I  had  lost  more  by  this  way,  by  tht*  cold- 
ness of  the  cylinder,  than  I  had  gained  by  the  increase  of 
load.  In  short,  this  single  aheration  seemed  to  have  un- 
fettered the  engine;  but  in  what  degree  thi^  condensation 
took  place,  under  diflerent  circumstances  of  heat,  and  - 
where  to  strike  (he  medium,  so  a«  upon  the  whole  to  do  I 
best,  was  still  unknown  to  me.  But  resolving,  if  possible, 
to  make  myself  master  of  the  subject,  I  ininiediutely  began 
to  build  ■  small  fire-engine  at  homo,  that  I  could  easily 
convert  into  different  shapes  for  experiments,  and  which 
engine  was  set  to  work  in  the  winter  of  176^/*  _ 

With  this  engine  he  tried  various  experiments,  which  I 
he  carefully  recorded,  lie  afterwards  constructed  several 
engines,  which  fully  proved  the  correctness  of  his  calcula- 
tiont.  The  first  of  these  was  at  the  colliery  at  Long 
Benton,  near  Newcastle-upon-Tyne,  in  J774,  which  had 
a  fifty-two  inch  cylinder. 

The  Atmoiiiphcric  Engine  represented  in  the  Frontis- 
piece to  this  Volume,  contains  most  of  the  improvements 
of  Mr.  Smeuton.  The  boiler  is  omitted,  and  C  represents 
the  steam  pipe,  through  which  the  steam  passe>«  from  the 
boiler  into  the  receiver. 

D,  (he  receiver,  a  close  iron  vessel,  or  box,  in  which 
is  the  regulator  or  steam  cock^  which  opens  and  shuta 
the  hole  of  communication  with  the  cylinder  at  each 
stroke. 

E  is  the  communication  pipe,  between  the  receiver  and 
the  cylinder;  it  rises  five  or  six  inches  up  in  (he  inside  of 
the  cylinder  above  the  bottom,  to  prevent  the  injection 
water  from  descending  into  (he  receiver. 

F,  the  cylinder  of  cast  iron,  about  teu  feet  long, 
bored  smooth  in  the  inf^idc;  it  has  a  broad  fianch  in  the 
middle,  on  the  out^tide,  by  which  it  is  supported,  when 
hung  between  the  cylinder  beams,  which  extend  acroit 
the  house,  and  are  let  into  the  side-wall. 

G,  the  piston,  made  to  tit  the  cylinder  exactly,  but  with 
liberty  to  slide  up  and  down ;  it  has  u  flanch  rising  four 
or  five  inches  upon  its  upper  surface,  between  which  and 
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the  side  of  the  cylinder  a  quantity  of  junk  or  oakuro  is 
stuffed,  and  kept  down  by  weights,  to  prevent  the  entrance 
of  air  or  water,  and  the  escape  of  steam. 

H,  the  chain  and  piston-shank,  by  which  it  is  connected 
to  the  working  beam  by  an  arc  of  a  circle. 

I,  I,  the  working  beam,  or  lever,  working  on  its 
centre,  in  the  manner  of  a  scale  beam ;  it  is  made  of 
two  or  more  large  logs  of  timber,  bent  together  at  each 
end,  and  kept  at  the  distance  of  eight  or  nine  inches  from 
each  other  in  the  middle,  by  the  gudgeon  or  centre,  as 
represented  in  the  plate.  The  arch  heads  I,  I,  at  the  ends 
of  the  beam,  are  for  giving  a  perpendicular  direction  to 
the  chains  of  the  piston  and  pump-rods,  which  are  sus- 
pended at  the  opposite  ends. 

N,  the  jack-head  pump,  which  is  a  smaller  sucking 
pump,  wrought  by  a  small  lever  or  working  beam,  by 
means  of  a  chain  connected  to  the  great  beam  or  lever 
near  the  arch  ^,  at  the  inner  end ;  and  the  rod  of  the  pump 
N  is  suspended  by  a  chain  at  the  outer  end.  This  pump 
commonly  stands  near  the  corner  or  front  of  the  house, 
and  raises  a  column  of  water  up  to  the  cistern  O,  into 
viuch  it  is  conducted  by  a  trough. 

O,  the  jack-head  cistern,  for  supplying  the  injection  ;  it 
is  always  kept  full  by  the  pump  N,  and  is  fixed  so  high 
above  the  cylinder  bottom,  as  to  give  the  jet  of  injection  a 
sufficient  velocity  into  the  cylinder,  when  the  cock  is 
opened.  This  cistern  has  a  waste-pipe  on  the  opposite 
side  for  conveying  away  the  superfluous  water. 

P,  P,  the  injection  pipe,  of  two  or  three  inches  diameter, 
which  descends  from  the  cistern  O,  to  the  injection  cock  r, 
af^er  passing  which  it  turns  up  in  a  curve  at  the  lower  end, 
and  enters  the  cylinder  bottom.  It  has  a  thin  plate  of  iron 
screwed  upon  the  endcf,  which  is  within  the  cylinder,  with 
three  or  four  ajutage  holes  in  it,  to  cause  the  jet  of  cold 
water  from  the  jack-head  cistern  to  fly  up  in  as  many 
streams  against  the  under  surface  of  the  piston,  and  con- 
dense the  steam  contained  in  the  cylinder  each  stroke, 
when  the  injection  cock  is  open. 

e,  a  valve  upon  the  upper  .end  of  the  injection  pipe. 
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W4tic>)  is  fthut,  to  prevent  waste  of  water  by  leakage  when 
the  engine  stands  still  ;  but  before  the  engine  is  set  to 
work  this  valve  must  be  lil'tcd  up,  and  kept  open  by  a 
string. 

/y  a  small  pipe  which  branches  olT  tVom  the  injection 
pipe,  dnd  has  a  cock  to  supply  the  piston  with  a  little 
water  to  keep  it  air  tight. 

Q,  the  working  plug,  suspended  by  a  chain  to  the 
small  arch  g,  of  the  working  beam.  It  is  usually  a  heavy 
piece  of  timber,  with  a  tilit  vertically  down  it^i  middle,  and 
holes  bored  borisoulally  through  it  to  receive  pins,  for  the 
purpose  of  opening  and  shuttinir  the  injection  and  steam 
«ockii,  as  it  a.4cends  and  dei^cends  by  the  motion  of  the 
working  beam. 

hy  the  handle  of  the  ^^teain  cock,  or  regulator.  It 
is  fixed  to  the  regulator  b>  a  spindle,  which  comns 
through  the  top  of  the  receiver.  The  regulator  it»elf 
U  a  sectorial  plate  of  brax4,  shaped  like  a  fan,  which 
is  moved  horizontally  by  the  handle  A,  and  opens  or  <ihutM 
Che  communication  at  the  lower  end  of  the  pipe  E,  within 
the  receiver. 

1 1,  the  spanner,  which  is  a  long  rod  or  bar  of  iron,  for 
communicating  motion  to  the  handle  of  the  regulator,  to 
which  it  is  fixed  by  means  of  a  slit  in  the  latter,  and  aone 
pins  put  tiirough  to  fasten  il. 

*,  /,  the  vibrating  lever,  called  the  tumbling-bob,  or  the 
Y,  having  the  weight  k  at  one  end,  and  the  two  forked  legM 
at  the  other  end,  like  the  letter  A  turned.    It  is  fixed  to  an 
horizontal  axis,  moveable  about  its  centre  pins  or  pivots mn,    ■ 
aivd  is  put  in  motinn  b)  means  of  two  shanks^  o,  f\  fixed  to 
the  HHiiie  ajii-i,  which  are  alternately  raised  and  deprrnsed 
by  means  of  two  pins  in  the  working  plug,  and  the  bob  or    ■ 
weight  at  the  top  of  the  Y  is  thrown  backwards  and  for- 
wards; one  pin  on  the  outside,  depres-^ing  the  khank  o, 
throws  the  loaded  end  k  of  (he  Y  from  the  cylinder  into    ■ 
the  position   represented  in  the  drawing,  and  causes  the 
leg,  /,  of  the  fork  of  the  Y  to  strike  against  the  end  of  lh# 
spanner,  which  forcing  back  the  handle  of  the  regulator 
or  ateant  cock,  opem  the  communication,  and  permits  the 
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L-am  to  Ay  into  the  cylinder.  The  pUton  immedietely 
ri'^rs  by  the  weight  of  the  pump  rod,  on  the  admi^ssion  of 
thf  steam.  The  motion  of  the  working  beam,  1,  I,  also 
raises  the  working  plug;  and  another  pin,  which  goes 
through  the  slit,  raises  the  shank  p  of  the  axis,  which 
throws  the  end,  it,  of  the  Y  towards  the  cylinder,  and  the 
leg  of  the  fork,  striking  the  end  of  the  spanner,  forces  it 
forwards,  and  shuts  the  regulator  or  steam  cock. 

qy  r,  ii  the  lever  for  opening  and  shutting  the  injection 
cock,  culled  the  F.  It  ha»  a  rack  or  toothed  sector  fixed 
upon  it5nxi9,  which  takca  the  teeth  of  a  pinion,  fixed  on  the 
lop  of  the  plug,  or  key  of  the  injection  cock.  When  the 
working  p\»g  has  absconded  nearly  to  its  greatest  height, 
and  &hut  the  regulator,  as  above  described,  a  pin  catches 
the  end  q  of  the  F,  and  raises  it  up,  which  opens  the 
injeciiufi  cock,  and  admits  a  jet  of  cold  water  to  fly  into 
the  cylinder,  and,  condensing  the  steam,  makes  a  %'acuuiD 
within.  Then  the  pressure  of  the  atmosphere,  forcing 
down  the  piston  into  the  cylinder,  causes  the  plug  frame 
to  descend,  and  another  pin  fixed  in  it  catches  the  end  of 
the  lever  9,  in  its  descent,  and  by  pressing  it  down  shuts 
the  injection  cock,  at  the  6ame  time  the  regulator  is 
opwDMl  to  admit  steam,  and  so  on  alternately  ;  that  when 
the  regulator  is  shut,  the  injection  cock  shall  be  open,  and 
when  the  former  is  open,  the  latter  shall  be  shut. 

R,  the  eduction  pipe,  to  convey  away  the  water  which  is 
injected  into  the  cylinder  at  each  stroke  ;  its  upper  end  is 
even  with  the  cylinder  bottom, and  iU  lower  end  has  a  lid  or 
cover,  moveable  on  a  hinge,  which  serves  as  a  valve  to  let 
out  the  injection  water,  and  shuts  close  each  stroke  of  the 
engine,  to  prevent  the  water  being  forced  up  again,  when 
the  vacuum  is  made. 

S,  the  hot  well,  which  is  a  small  cistern  made  ol 
pUokes  to  receive  all  the  waste  water  from  the  cylinder, 
uid  keep  it  in  reserve  for  feeding  the  boiler,  to  supply 
the  WMta  occasioned  by  the  continual  evaporation  of  the 
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T,  Ibe  feeding  pipe,   to  supply  the  boiler  with  water 
rroni  the  hot  well.    It  has  a  cock  to  let  in  a  large  or  small 
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quantity  of  wnter,  ft9  occasion  requireH,  lo  make  up  for  whftl 
is  evaporated  ;  it  goe9  nearly  down  to  the  boiler  bottonii 
BO  that  the  lower  end  is  always  immersed  in  water. 

*,  the  ^niHing  valve,  by  which,  at  every  ascent  of  the 
piston,  the  air  is  dificharged  from  the  cylinder  which  wbb 
admitted  with  the  injection,  and  would  otherwim;  obstruct 
the  due  operation  of  the  engine. 

ty  tf  the  cylinder  beams,  which  are  strong  girdles  going 
through  the  house,  for  supporting  or  rather  keeping  down 
the  cylinder. 

V,  the  cylinder  cup  of  lead  surrounding  the  top  of  the 
cylinder,  to  prevent  the  wnter  upon  the  piston  from  flash* 
ing  over,  when  it  risci^  too  hii^h. 

W,  the  waste  pipe,  which  conducts  thesuperfluous  water 
from  the  top  of  the  cylinder  to  the  hot  well. 

X,  iron  bapH,  called  the  catch  pins,  fixed  horieontally 
through  each  arch  head,  to  strike  the  floor,  and  prevent 
the  beam  descending  too  low,  in  case  the  chains  at  either 
end  should  break,  or  if  the  engine  make  too  long  a  stroke. 

y,  y,  two  strong  wooden  springs,  to  weaken  the  blow 
given  by  the  catch  pins  when  the  stroke  is  too  long. 

ZyZ,  two  friction  wheels,  or  sectors,  on  which  the  gud- 
geons, or  centres  of  the  great  beam,  are  supported; 
they  are  the  third  or  fourth  part  of  a  circle,  and  move  a 
little  each  Mray,  as  the  beam  vibrates.  Their  use  is  to 
diminish  the  friction  of  the  axis,  which  being  necessarily 
very  large  for  so  heavy  a  lever,  would  otherwise  be  very 
great. 

When  this  engine  is  to  be  set  to  work,  the  boiler  must 
be  filled  about  two  or  three  feet  deep  with  water,  and  a 
large  fire  made  under  it;  und  when  the  steam  is  heated  to 
be  of  sufficient  strength  to  exert  a  pressure  of  about  one 
pound  beneath  each  square  inch  of  the  safety  valve,  it  will 
lift  up  the  valve  and  escape.  The  water  in  the  boiler 
being  supposed  to  be  in  a  strong  state  of  ebullition,  and 
the  steam  issuing  by  the  safety  valve,  we  will  consider  the 
machine  in  a  sittite  of  rest,  having  i>oth  the  steam  cock  and 
injection  cock  shut.  The  rttsling  position  or  attitude  of 
the  machine  is  such  as  appears  jn  the  drawing,  the  pump 
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rods,  K,  preponderating  by  their  weigbl,  aud  Ibe  great 
piston  bi'ing  tlrauu  lo  ihe  tup  of  the  cylinder. 

The  man  that  attends  the  engine  dcpre^jo^^  ibe  handle p, 
•O  as  to  throw  the  tuuibling  bob  into  the  position  of  the 
figure;  and  the  leg  of  the  fork  (hrustiug  back  the  spaa- 
ner  iy  t,  opens  the  regulator,  or  steam  cock,  when  the 
flteam  from  the  boiler  immediately  ruihes  in,  and  flying 
all  over  the  cylinder,  will  mix  with  the  air;  much  will  be 
condensed  by  the  cold  surface  of  the  cylinder  and  piston, 
and  the  water  produced  from  it  will  trickle  down  the 
sides,  and  run  offal  the  eduction  pipe  R,  a^  soon  as  any 
quantity  i:>  accumulated.  This  condensation  and  waste  of 
iteam  will  continue,  till  the  whole  c)liuder  and  pi&too  are 
made  as  hot  as  boiling  water. 

When  this  happens,  the  steam  will  begin  to  open  the 

illing  valve  «,  and  issue  through  the  pipe;  at  first, 
slowly  and  ver^'  cloudy,  being  mixed  with  much  air,  the 
cloudy  appearance  of  steam  being  always  owing  to  il« 
mixture  with  common  air.  The  blast  at  s  will  grow 
stronger  by  degrees,  and  more  transparent,  having  already 
carried  off  the  greatest  part  of  the  common  air  which 
filled  (he  cylinder.  We  supposed,  at  fin»t,  that  the  uater 
wa9  boiling  briskly,  so  that  the  steam  wad  i^uiug  by  Ibe 
safety  valve,  which  is  in  the  top  of  the  boiler.  The 
opening  of  the  steam  cock  puts  an  end  to  this  at  once, 
because  the  cold  cylinder  draws  off  the  steam  froui  iIm) 
boiler  with  astonishing  rapidity,  until  it  becomes  healed 
90  &»  not  to  condense. 

When  the  manager  of  the  engine  perceives  that  not 
only  the  bla^t  at  the  snifting  valve  is  strong  and  sUnkK, 
but  that  the  boiler  is  fully  supplied  with  steau  of  a  propyl 
strength,  which  appears  by  the  renewal  of  the  discbarge 
at  the  safety-valve,  the  engine  is  ready  for  starting.  It*; 
no«v  lifU  up  the  handle  o,  or  p,  till  the  tumbling  bob,  Y, 
falls  over  the  perpendicular  towards  the  cylinder,  and  itii 
leg  striking  the  cross-pin  of  the  spanner  t,  draws  it  for- 
wards, and  shuts  the  steam  regulator  ;  at  th«  same  instant 
he  lifts  up  *he  handle,  q^  of  the  F,  which  opens  the  injec- 
tion cock.  The  pressure  of  the  column  of  water  in  the 
2.  r 
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injrctiun  pi[>o,  P,  immediRtvly  f orce«  some  water  through 
\ho  Hpuut  dy  by  the  jets. 

The  cold  water  coming  in  conlact  i^ith  some  oP  the  pure 
vapour,  which  now  fills  (he  cylinder,  condenses  il,  nnd 
thus  makes  a  partial  void,  into  which  the  more  di>4lMn( 
Bloain  immediately  expand:*;  and  by  (his  very  expiui'tion 
its  capacity  for  heat  is  increased  ;  or,  in  other  words,  ns  it 
f^rows  cold,  it  abtttractt  the  heat  more  powerfully  from 
the  steam  situated  immediately  beyond  it. 

In  this  expansion  and  refrigeration,  the  steam  is  itself 
partly  condensed  or  converted  into  water,  and  leaves  a 
Void,  into  which  (he  circumjacent  steam  immediately  ex- 
pands, and  produces  the  same  effect  on  the  steam  beyond 
it;  and  thus  it  happens,  that  the  abstraction  of  a  small 
quantity  of  heat  from  an  inconsiderable  mass  of  steam, 
produces  a  condeni^ation  throughout  a  cylinder  which  is 
very  extensive. 

What  remains  in  the  cylinder  no  lon&^er  balances  the 
atmospheric  pressure  on  the  surface  of  the  water  in  (he 
injection  cistern,  and  therefore  the  water  spou(s  rapidly 
through  (he  holes  rf,  by  (he  joint  action  of  the  column  P, 
Rud  the  unbalanced  pressure  of  the  a(mosphere ;  at  the 
same  time  the  snifting  valve  s,  and  the  eduction  valve  R, 
are  shut  by  the  external  pressure  of  the  atmosphere,  and 
prevent  the  entrance  of  air  or  water  into  the  cylinder. 

The  velocity  of  the  injection  water  must  therefore  ra- 
pidly increase,  and  the  jets  dash  against  the  bottom  of  (he 
piston,  and  be  scattered  through  the  whole  capacity  of  the 
cylinder.  In  a  very  short  space  of  time  therefrom,  the 
condenMation  of  the  steam  becomes  universal,  and  the  elaa- 
tirity  of  what  remains  is  very  small.  The  whole  pressure 
of  the  atmosphere,  therefore,  being  exerted  on  the  upper 
surface  of  the  piston,  while  there  is  hardly  any  on  its 
under  side,  if  the  load  on  (he  outer  end  of  the  working 
beam  is  inferior  to  this  pressure,  it  must  yield  to  it.  The 
piston  (•  must  descend,  and  the  pump  piston,  *,  must 
UHcend,  bringing  along  with  it  the  water  of  the  mine;  but 
the  motion  does  not  begin  at  the  instant  the  injection  is 
made.     The  piston  was  kept  at  the  top  by  the  preponde* 


raucy  of  the  outer  end  of  (lie  working  beam,  and  Ibr  lomd 
of  water  in  (he  pumps;  and  it  nitiJl  remain  tbere,  (ill  ikc 
difference  between  the  elasticity  of  tbe  steam  k>claw  it, 
and  the  pressure  of  the  atmosphere,  exceed  (hirt  prepoade- 
fancy.  There  must,  therefore,  be  a  mill  ~pirr  nf  tiir 
between  the  beginning  of  the  condensaltua  and  llie  br- 
ginning  of  the  motion  ;  this  is  very  small,  not  exeer^itt^ 
the  third  or  fourth  part  of  a  second,  but  it  nay  be  rmtf 
distinctly  ob^ierved  by  an  attentive  spectator,  wbo  m»j 
perceive  that,  the  instant  the  injection  cock  h  opmcd,  if 
the  cylinder  has  the  slightest  yieldinf;  in  its  soBpensiott,  it 
will  heave  upwards  a  little  by  the  pressure  of  tbe  air  on 
(be  bottom.  1(3  own  weight  is  not  at  ail  equal  to  (bia 
pressure;  and,  instead  of  its  being  necessary  to  support  it 
by  a  strong  floor,  it  must  be  kept  down  by  large  beaam, 
loaded  at  the  end  with  heavy  walls.  This  beavii^of  (be 
cylinder  shows  the  instantaneous  commenreaaeBl  of  tbe 
condensation;  and  it  is  not  till  afler  this  bas  passed,  tlat 
tbe  piston  is  Been  to  start,  and  begins  to  descend. 

The  motion  must  continue  till  the  great  piston  reaches 
the  bottom  of  the  cylinder,  because  it  is  not  like  tbe  mo- 
tion which  would  lake  place  in  a  cylinder  of  air  rarefcd 
to  tbe  same  degree.  In  this  latter  case,  the  inpeliiag 
force  would  be  continually  diminished,  because  the  capa* 
city  of  the  cylinder  diminishing  by  the  descent  of  tJM  pH- 
ton,  the  air  in  it  would  continually  become  more  defNC 
and  elastic,  until  tbe  piston  would  stop  at  a  certain  lieigfat, 
when  tho  elasticity  of  the  included  air,  together  with  the 
load  at  K,  would  balance  the  atmospherical  pressure  on 
the  piston.  But  when  the  contents  of  the  cylinder  arc 
pure  vapour,  and  the  continued  stream  of  injected  cold 
water  keeps  down  its  temperature  to  the  same  pitch  as  at 
the  ]>eginning,  the  elasticity  of  the  remaining  steam  can 
never  increase  by  the  descent  of  the  piston,  nor  exceed 
what  corresponds  to  the  temperature  according  lo  our 
tabic.  The  impelling,  or  accelerating  force,  therefore, 
remains  the  same,  and  the  descent  of  the  piston  will  1^ 
accelerated  almost  uniformly,  unlesti  there  is  an  increase 
of  resistance,   arising  from  the  nature  of  the   work   per- 


r 


«NGATOM   («  IMPKOVEMCNTS    IN 


formed  by  the  other  cud  of  the  boaro.  And  tt  may  be  fre* 
quently  observed  in  n  f^ood  Hteain  engine,  where  erery 
part  h  air-tight,  that  if  the  cvlinder  hns  been  completely 
purged  uf  common  uir  before  the  ftteam  cock  is  sliiit,  and 
if  none  haa  entered  since,  the  piston  will  de«;ceiid  to  the 
very  bottom  of  the  cylinder.  It  nometimeH  hnppenR,  by. 
the  great  pump  drawing  air,  or  some  part  of  the  conimu* 
nication  chains  giving  way,  that  the  piston  deacends  with 
such  violence  as  to  beat  out  the  bottom  of  the  cylinder 
with  the  blow,  and  it   is  to  prevent  thin  accident  that  tlia 

khpin»  are  applied  at  the  end  of  the  beam. 

When  the  manager  »ees  the  piston  as  low  as  he  thinka 
proper,  he  shuts  the  injection  cock,  by  depressing  the 
lever  q,  and  at  the  same  time  he  opens  the  regulator,  by^ 
forcing  down  the  handle  o,  which  oversets  the  tumbling 
bob,  and  its  leg  catching  the  cross  pin  of  the  spanner  ^, 
opens  the  regulntor. 

The  steam  hn^  been  accumulating  above  the  water  iitJ 
the  boiler,  during  the  whole  time  of  the  piston's  deaicenU 
The  moment,  therefore,  that  the  steam  cock  i<4  opi*ned,  the 
steam,  havini;  an  olaMticIfy  of  rather  more  than  one  pound 
per  square  inch  greater  than  that  of  the  nir,  rushes  into 
the  cylinder,  when  it  immediately  blows  open  the  sniAing 
valve,  and  nwi^ts  the  water  which  had  couie  in  by  the  for- 
mer injection,  and  what  aro^e  from  the  condensed  steam, 
to  descend  by  its  own  weight  through  the  eduction  pipe  8, 
and  npon  the  valve  to  run  into  the  hot  well  R. 

This  water  is  nearly  Ixnling  hot,  or  at  least  its  surface; 
for  while  lying  in  the  bottom  of  the  cylinder,  it  will  con- 
denne  steam  till  it  acquire;*  this  temperature,  and  there- 
fore cannot  run  down  till  it  will  condense  no  more.  There 
ia  a  cause  of  some  waHte  of  steam  at  its  Hrst  admisKinn,  in 
order  to  heat  the  inside  of  the  cylinder,  and  the  injected 
water,  to  the  boiling  temperature;  but  the  space  being 
small,  and  the  whole  being  already  very  warm,  it  is  aoofi 
done;  and  when  lhing:i  nre  properly  constructed,  little 
more  in  wanted  than  what  will  wann  the  cylinder;  for  the 
eduction  pipe  i«  made  of  Urjje  dimensions,  and  receives 
some  of  the  injection  wvter  evi^n  duiing  the  dcifcent  of  *he 
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piston,  and  this  portion  will  be  removed  out  of  the  way  of 
the  steam. 

The  first  effect  of  the  entering  steam  is  of  great  service; 
it  drives  out  of  the  cylinder  the  vapour  which  it  finds 
there.  This  is  seldom  pure  steam,  or  watery  vapour, 
because  all  water  contains  a  quantity  of  air,  in  a  state  of 
chemical  union ;  but  the  union  is  only  feeble,  and  a 
boiling  heat  is  sufficient  for  disengaging  the  greatest  part 
of  it,  by  increasing  its  elasticity.  It  may  be  also  disen- 
.gaged  by  simply  removing  the  external  pressure  of  the 
■Imoaphere ;  this  is  clearly  seen,  when  we  expose  a  glass 
of  water  in  an  exhausted  receiver.  Therefore  the  small 
space  below  the  piston  contains  watery  vapour,  mixed 
with  all  the  air  which  had  been  disengaged  from  the  water 
in  the  boiler  by  ebullition,  and  all  that  was  separated 
from  the  injection  water  by  the  diminution  of  external 
pressure,  in  addition  to  any  which  may  enter  by  leakage. 
Let  us  now  consider  the  state  of  the  piston,  when  setting 

|ont  on  its  return,  as  it  Is  evident  that  it  will  start,  or  begin 
to  rise  by  the  counterweight,  the  moment  the  steam  cock 
is  opened  ;  for  at  thai  instant  the  excess  of  atmosphericRl 
pressure  by  which  it  was  kept  down,  in  opposition  to  the 
preponderancy  of  the  outer  end  of  the  beam,  is  diminished. 

^Ai  the  first  instant  of  the  return  of  the  pump  rods,  they 
Iraw  up  the  piston  with  great  violence,  all  the  weight  of 
the  water  in  the  pumps  acting  in  addition  to  the  counter- 
eight ;  but  the  falling  of  the  lower  valves  in  the  pumps, 
ifter  an  inch  or  two  of  motion,  arrests  the  farther  descent 
if  the  water,  and  bears  the  weight  of  the  column  of  water, 

l^nd  after  this  the  piston  will  rise  gradually  by  the  action 
►f  the  counterweight. 
The  action  of  the  counterweight  is  very  different  in  the 

Liwo  motions  of  the  engine;  for  while  the  engine  is  making 

^ft  working  stroke,  it  is  lifting  not  onlv  the  column  of  water 
in  the  pump,  but  the  absolute  weight  of  the  bucket  rods 

|»lso;  and  while  the  pump  rods  are  descending,  there  is  a 

jdiniinntion  of  the  counterweight  by  the  whole  weight  lost 
»y  the  immersion  of  the  rod  in  water.  The  wooden  rods 
which  are  generally   used,  by  being  soaked  in   water  and 
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joined  by  iron  straps,  are  heavier,  and  but  a  litlle  heavier 
(han   water;   Ihey  are  generally   about   t>ne*third  oF  (hf 
hulk  of  the  water  in   the  pumps.     By  this  counterweigh 
the  piston  is   drawn   upwards,   and   it  wuuld  even  ris 
although  the  steam  which   is  admitted  was  not  quite  so 
elastic  an  common  air. 

Suppose  the  mercury  in  the  barometer  to  stand  at  30 
inches,  and  that  the  preponderancy  at  the  outer  end  of  the 
beam  was  e<]ual  to  ^th  o(  the  pressure  of  the  air  on 
the  piston,  the  piston  would  not  rise  until  the  claslicity  n 
the  steam  wa«  ef|ual  to  30 — ^,  that  is,  20j  inches  nearly; 
but  if  the  steam  was  just  equal  to  this  quantity,  the  piston 
would  rise  as  fast  as  the  steam  of  that  density  could  be 
supplied  to  the  cylinder  through  the  steam  pipe;  and  on 
this  supposition  the  velocity  of  the  ascent  would  depend 
on  the  velocity  of  that  supply.  But  this  is  not  the  case 
in  practice,  because  the  steam  must  be  strongrr  than  the 
air,  in  order  to  blow  out  and  discharge  the  uir;  it  will 
therefore  enter  the  cylinder  without  any  effort  of  the 
piston  to  draw  or  suck  it  in.  At  the  same  time  the  coun* 
terweight  must  not  be  so  great  as  to  draw  up  the  piston 
with  that  force  which  will  cause  a  suction  within  the 
cylinder  greater  than  the  steam  pipe  can  supply,  or  it 
would  diminish  the  pressure  of  the  steam  within  the  cy- 
linder lower  than  the  atmosphere,  and  prevent  it  from 
snifting  or  blowing  out  the  air. 

In  filling  the  cylinder  with  steam,  it  will  require  a 
much  more  copious  supply  of  steam  than  merely  to  till  up 
the  space  left  by  the  ascent  of  the  piston;  for  as  the 
descent  of  the  piston  was  only  in  consequence  of  the 
vacuum  occasioned  by  the  interior  of  the  cylinder  being 
sufficiently  cooled  to  condense  the  steam,  this  cooled  sur- 
face must  be  again  pri'scnicd  to  the  steam  during  the  rise 
of  the  piston,  and  roujt  condense  steam  a  second  time. 
The  piston  cannot  rise  another  inch,  till  that  part  of  the 
cylinder  which  the  piston  has  already  quitted  has  been 
Harmed  up  to  the  boiling  point,  and  much  roust  be  ex* 
ponded  in  this  warming  ;  for  the  inner  surface  of  (ho 
c)lindiT  must  not  only   bo   raised   to  the  iieut  of  boiling 
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iviiter  while  the  piston  rises,  but  must  also  he  made  per- 
f»*clly  dry,  and  the  film  of  water  left  on  it  by  the  ascending 
piston  must  be  completely  evaporated,  otherwise  it  will 
continue  to  condense  steam. 

On  this  account,  although  the  counterweight  is  not 
necessary  to  suck  in  the  steam,  the  moving  force  during 
Ihc  ascent  of  the  piston  must  be  considered  as  resulting 
chiefly,  if  not  solely,  from  the  preponderating  weight  of 
the  great  pump  rods  ;  and  this  force  is  expended  partly  In 
returning  the  steam  piston  to  the  top  of  the  cylinder, 
where  it  would  be  again  pressed  down  by  the  air,  and  make 
another  working  stroke.  This  latter  requires  force  inde- 
pendent of  the  friction  inertia  of  the  moving  parts,  tor 
each  bucket  must  be  pushed  down  through  the  water  in 
the  barrel,  which  must  lift  up  and  rise  through  the  valves 
in  the  bucket  with  a  velocity  proportioned  to  the  velocity 
of  the  bucket,  in  the  same  degree  as  the  area  of  the  pump 
barrel  is  proportioned  to  the  opening  of  the  valves  through 
which  the  water  must  pass. 

FVom  this  general  consideration  of  the  ascent  of  the 
piston,  we  may  see  that  the  motion  differs  greatly  from 
the  descent;  it  can  hardly  be  supposed  to  accelerate  it, 
even  if  the  steam  were  supplied  to  the  cylinder  in  ever 
such  quantity;  for  the  resistance  to  the  descent  of  the 
pump  bucket  is  the  same  with  the  weight  of  the  column  of 
water,  which  could  cause  water  to  flow  through  the  valves 
of  the  buckets  with  the  velocity  with  which  it  really  rises 
through  them  ;  and  this  resistance  must  therefore  increase 
as  the  scjuare  of  that  velocity  increases;  that  is,  as  the 
square  of  the  velocity  with  which  the  bucket  descends. 
Independent  of  the  force  of  friction  and  the  weight  of  the 
valves,  the  velocity  of  descent  through  the  water  must 
soon  become  a  maximum,  and  the  motion  will  become 
uniform.  Accordingly,  any  one,  who  observes  with  atten- 
tion the  working  of  a  steam  engine,  will  see  that  the  rise 
of  the  piston  and  dcjcent  of  the  pump  rods  are  extremely 
uniform,  whereas  the  working  stroke  is  very  sensibly 
accelerated. 

These  two  motions  complete  the  period  of  the  operation. 
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and  (ho  whole  may  be  repented  by  nhuKing  ihc  regulator, 
and  openine;  the  injection  cock,  H'benever  the  piston  has 
attained  the  proper  height.  For  the  first  two  or  three 
strokes,  the  opening  und  shutting  of  the  cocks  are  per- 
formed  by  the  attendant;  but  when  he  huit  ihiH  ascer- 
tained that  all  parts  are  in  order,  he  puts  the  pins  into  the 
holes  of  the  plug  frame,  and  the  motion  of  the  engine  will 
then  actuate  its  own  machinery,  and  perform  its  recipro- 
cations with  greater  regularity  than  can  be  done  by  hand. 


In  the  year  17*20,  Leopold,  the  author  of  *'  Tkeatrum 
Machinarutn*  constructed  the  first  high-pressure  engine, 
l*reviou5  to  this,  (he  only  utte  to  which  Kli-nm  hail  been 
^rcdveiy  applied  was  in  the  focumtion  ot'u  vacuum  :  true 
it  iff,  that  in  the  projects  of  De  Caus,  Uranca,  and  Savery, 
the  elastic  force  of  steam  was  propot^ed  (o  he  us<tl ;  but 
(he  failure  of  these  plans,  by  uante  of  Hteam  and  other 
causes,  warrant  our  saying  that  the  plan  of  L#eupold  enti- 
tles htm  to  the  great  merit  of  having  invented  and  con- 
SimcHd  the  first  high-pressure  engine.  His  principle  was 
simply  that  of  applying  highly  elastic  Rteam  alternately 
U{>on  two  pistons  in  separate  cylinders,  so  (hat  as  one 
ascended  (he  other  descended,  and  rice  versa. 

In  the  annexed  figure  (nearly  resembling  that  given  by 
Leupold)  (he  boiler,  a,  communicatcfi,  by  a  "four^wap 
rocifc,'*  with  the  bottom  of  two  open  topped  cylinders, 
having  pistons,  c,  rf,  moving  in  them.  These  pistons  are 
fitted  with  lead,  *<o  that  they  may  act  as  a  counterpoise  to 
the  pump  buckets  op.  They  are  likewise  attached  to  the 
beams  g  A,  by  meana  of  the  rods  ef.  To  the  other  ends  of 
the  beams  arc  fixed  the  pump  rods  k  ij  which  work  (wo 
force  pumps  op.  9  is  a  perpendicular  pipe,  bended  round 
at  the  top,  so  aa  to  convey  the  water  driven  op  the  pipe 
into  (he  ci«(ern  or  spout  /.  1 1  are  the  centres  of  the  two 
beams  g  h,  x  is  a  cock  so  constructed  as  to  altemntely 
admit  the  steam  into  either  cylinder. 
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:hiiie  shewn  in  the  figure,  the 
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In  the  situation  of  the 
■team  in  the  boiler  flow 
the  cylinder  r,  and  presses  the  piston  c  upwards:  this  de- 
presses the  pump  rod  ky  and  forces  the  water  under  the 
plunger,  up  the  pipe  q.  When  the  steam  has  raised  the 
piston  c  to  nearly  the  top  of  the  cylinder,  the  cock  x  is 
turned  one  fourth  of  a  revolution,  so  that  it  opens  a  pas- 
sage between  the  cylinders,  and  the  boiler;  and  between 
the  cylinder  r,  and  the  open  air.  The  weight  of  the  rod/, 
and  the  lead  in  the  piston  c,  being  greater  than  k  and  o, 
the  piston  descends  by  its  gravity  to  the  bottom  of  the 
cylinder,  driving  out  the  steam  which  raised  it  into  the 
atmosphere.  From  the  construction  of  the  ^^  four^way 
cocky  ^  at  the  moment  in  which  the  passage  into  the  cylin- 
der r  was  closed,  another  passage  was  opened  between  the 
boiler  and  cylinder  *■;  the  elasticity  of  tbe  steam  forces  the 
piston  d  upwurd:^,  und  depresses  the  plunger  at  the  end  of 
the  rod  /,  and  impels  the  water,  in  the  barrel  p  under  it, 
up  the  pipe  q.  When  the  piston  d  has  reached  the  top  of 
the  cylinder,  or  made  its  stroke,  the  farther  passage  of 
steam  from  the  boiler  is  shut  ofl^,  by  turning  the  cock  .r; 
and  the  steam  escapes  into  the  atmosphere  through  z  ;  and 
d  descends  in  the  cylinder  by  its  preponderance  in  the 
■ame  manner  as  £.  During  the  ascent  of  d,  c  has  fallen  to 
the  botlom  of  the  cylinder  r.  The  steam  passage  from 
the  boiler  being  then  opened,  c  is  again  raised  in  its  cylin- 
der, while  the  vapour  in  s  is  escaping  into  the  atmosphere ; 
thus  producing  an  alternate  vertical  motion  in  the  pump 
rods  k  I, 


Such  was  the  construction  of  the  first  hif;h-pressure  en- 
gine, which  for  simplicity  hus  ne\or  been  exceeded.  The 
extende<l  use  of  surli  engines  at  the  present  day,  proves 
that  the  public  opinion  im  niuterially  changed  in  regard  lo 
their  utility  nnd  safety.  The  risk  of  explosion  wan  u 
drawback  upon  them,  which  succef^sive  improvements  nnd 
vkilful  nmnagenient  have  aintost  annihilated;  and  we  have 
no  doubt  but  that,  eventuiilly,  the  luw-prensure  or  con* 
densing  engine  will  be  entirely  iibandnned  in  their  fa* 
vour.  Their  superior  economy,  by  reduced  conRumption 
of  fuel,  and    reduced    friction,   is   sufRcient    ground   for 
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iKeir  general  adoption.  We  should  observe,  however, 
that  there  is  still  a  mass  of  prejudice  to  contend  with,  ere 
Cb»  can  possibly  take  place;  and  whilst  America  hat 
sesreely  a  low-pressure  engine  to  work  a  steam  boat,  it 
would  be  a  hazardous  speculation  to  attempt  the  intro- 
duction of  a  high-pressure  one  in  England  for  that 
purpose. 

But,  from  the  importance  which  the  latter  does,  and 
will  maintain,  in  the  incchanicul  world,  it  will  not  be 
a mi^  to  shew  the  advantages  which  it  possesses;  and  we 
will  first  speak  of  Ihut  obtained  by  a  saviiig  of  fuel. 

Water  does  not  boil  under  a  temperature  of  212*  of 
Fahrenheit,  at  which  temperature  its  foice,  when  confined, 
is  barely  equal  to  that  of  the  atmosphere.  But  let  the 
temperature  be  increased  only  38~  more,  (which  can  be 
effected  with  a  comparatively  small  addition  of  fuel,)  and 
il9  force  will  be  VSlbs.  on  the  square  inch.  In  like  mau- 
■cr  let  the  temperature  be  increased  to  280",  and  the  force 
will  be  equal  to  0()  lbs.  Ilius,  the  increased  force  far 
exceeds  the  increased  consumption  of  fuel,  and,  con* 
sequenlly,  the  greater  the  pressure  of  the  steam,  the 
greater  will  be  the  saving.  Recent  experiments  have 
proved  that  steam,  uheii  heated  lo  1170',  will  act  with  a 
force  of  50,000  lbs.  on  the  square  inch  ;  so  that  we  find 
250  ici^'<*®  ^  force  of  only  2H  lbs.  whilst  ratlier  more  than 
four  times  that  temperature,  or  1170,  gives  2000  times  the 
f4M'ce;  a  factsullicieutly  establishing  the  superior  economy 
of  bigb-pressure  steam. 

Itwhould  be  observed,  however,  that  we  by  no  meanp 
htlicve  that  such  pressure  can  be  used  with  ?afely  ;  but  we 
merely  state  the  fact  to  establish  the  position  that  high- 
pieasure  engines  are  more  economical  limn  low-pressure 
ones. 

The  bavjiig  of  power,  by  reduced  friction,  is  also  ano- 
ther material  advantage  in  the  former,  because  it  is  evident 
that  if  a  force  of  50  lbs.  be  obtained  per  sfjuare  inch,  for  10 
or  12  in  the  condensing  plan,  the  area  of  the  piston  will 
be  smaller  in  the  same  proportion  a^  the  force  is  increased, 
ill  order  to  produce  a  given  effect;  therefore,  the  edges  of 
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the  piston  UeiiiK  reduced  nlvo,  ihere  will  be  lesi  rubbing 
furface  than  in  the  othor. 

Hitherto,  steam  had  been  only  eni|)loyed  in  raising; 
water,  nor  hnd  uny  plun  been  deviled  by  nhich  it  could 
be  adapted  to  impniiini^  motion  to  nnichinery;  Suvery, 
indeed,  suys  hia  machine  might  be  applied  *'  to  mills  of 
various  kind»  and  forms^  uccording  to  the  different  genius 
and  abilities  of  the  niillMrighl ;''  :tn<l  that  '*  it  may  be 
brought  to  work  by  a  steady  stream/'  (on  u  wheel),  "  and 
produce  a  rottitory  or  circular  motion  ;'*  and  hints,  that  it  ■ 
mi^ht  l>e  niude\ery  useful  in  shipH,  bnt  he  dare  not  med- 
dle with  lliat  matter;  and  leaves  It  to  *Mhe Jud^nienl  of 
.those  who  are  the  best  judgtw  of  mar  it  tan  alTuirs;^*  bill 
•ince  Sarery*s  machine  itself  failed,  of  coui-se  the  projects 
KTished  with  it.  AHer  the  important  improvenienis  of 
fewcomen,  it  will  appear  evident  thai  any  efTectual 
method  must  be  very  different  from  this  ;  and,  accordingly, 
Vfc  find  a  patent  taken  out  in  1736,  by  Mr.  Jonathan  Hulls, 
of  London,  ^' For  a  new*inventcd  machine  for  carrying 
veaaeU  or  ships  out  or  into  any  harbour,  port,  or  river, 
^mgainst  wind  or  tide,  or  in  a  culm.'*  This  new  method 
^was  the  application  of  the  crank,  which  now,  it  is  well 
Icnown,  enables  ns  to  emj)loy  the  «tenm  engine  as  a  prime 
mover  in  almost  ever)  species  of  machinery. 

Unfortunatel),  the  public  mind  was  not  sufficiently  ma- 
nured to  interest  its-elfin  the  project:  and,  in  consecjuence, 

ulU  and  hh  patent  were  bo  completely  forgotten,  that 
the  invention  has  been  subsequently  claimed  by  ]^lr.  Watt. 

We  should  here  olwerve,  however,  that  whiNt  we  give 
due  praise  to  Hulls  for  the  greatni'ss  of  his  project,  we 
/eel  satisfied  that  Newcomen*s  engine  was  not  at  all 
adapted  to  the  proposed  roml)inution  ;  as  the  great  differ- 
ence in  power  between  the  ascending  and  descending 
stroke  of  the  piston  would  have  required  a  ponderous  fly 
»whce]  to  have  any  thing  like  eqnality  of  motion,  and  a  fly 
^wheel  would  be  an  inconvenient  accompaniment  to  a  ateam 
boat.  The  idea,  however,  was  great,  and  the  ingenious 
inventor  deserved  better  success  than  he  obtained. 
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We  should  no<  omit  in  this 
pla«  to  notice  Blakey*s  patent, 
in  1766,  for  improvements  on 
Sa%'ery's  method  of  raising  wa- 
ter. To  avoid  condensation,  he 
proposed  to  introduce  oil  on  the 
surface  of  the  water,  because 
oil  did  not  so  readily  absorb  the 
caloric  ;  but  his  principal  im- 
provement consisted  in  the  boil- 
er, which  was  formed  of  small 
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tubes,  completely  filled  with 
water.  The  proposed  in)prove- 
ments  drew  forth  the  uttenttun 
of  almost  all  the  scientific  men 
of  his  day,  many  of  whom  de- 
clared it  possible  to  conduct  the 
influence  of  steam  to  the  centre 
of  the  earth.  "  But,"  says  Horn- 
blower,  **  an  accident  termina- 
ted the  event  as  to  the  experi- 
mental engine,  by  one  of  the 
steam  vessels  bursting  through  ( Blahnj$  Patent  Boilet',} 
the  force  of  steam,  though  much 

under  the  degree  of  power  proposed  by  the  Cornish  gen- 
tlemen* Such,"  continues  Hornblower,  "  is  the  degene- 
racy of  man,  that  whilst  the  Slates  General  of  Holland 
were  pluming  Ulakey  with  the  gaudiest  expressions  of 
approbation,  not  one  instance  is  to  be  found,  in  which  he 
met  with  that  support  he  had  been  led  to  expect." 

a  represents  the  furnace  in  which  the  tubes,  bed,  are 
placed,  which  are  connected  b\  small  pipes;  fisa.  funnel 
for  supplying  the  generator  with  water.  This  was  the  an- 
cient mode  of  supplying  all  boilers,  but  it  is  needless  to 
observe,  that  since  the  addition  of  the  force  pump,  the 
former  has  been  unnecessary,  e  is  a  cock,  for  the  purpose 
of  cleaning  the  boiler,  by  running  water  through  the 
>«hole.  The  pipe  which  connects  the  generator  with  the 
engine  is  not  shown. 
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Mr.  Keane  FilKgcralil,  a  gentleman  of  i*;roat  scientific 
acquirements,  and  whose  ingenious  discoveries  stand  re- 
corded in  the  PhiloKuphical  Trnusiactions,  describe«,  in  the 
^ear  1758,  an  invention,  by  which  he  proposed  to  obtain  a 
rotatory  motion  from  u  rectilineal  one,  in  another  way 
than  by  the  crank,  the  application  of  which  was  unknown 
to  him.  No  drawing  has  ever  been  given,  and  we  there- 
fore give  the  accompanying  sketch,  which  we  gather  from 
the  words  of  the  inventor  :   they  are  as  follow*— 

"  A  rotatory  motion  may  be  obtained  from  a  rectilineal 
one,  by  employing  a  rombinution  of  large  toothed  wheels, 
ttnd  of  smaller  ratchet  uheeU,  worked  by  teeth  upon  tbe 
arch  ur  sector  of  (he  beuni,  one  of  these  ratchet  wheels 
being  put  in  motion  by  (he  ascent  of  the  beam,  and  iitand- 
jng  still  during  the  descent,  when  another  ratchet  wheel 
is  moved  by  an  intervening  wheel  in  (he  same  direction  as 
the  first;  and  thus  the  two  communicate  a  continuous 
rotatory  motion  to  the  axis  upon  which  (hey  are  placed, 
which  is  thence  transmitted  by  a  large  toothed  wheel  ton 
smaller  wheel  or  pinion,  on  the  shaft  of  vthich  is  a  fly  to 
accumulate  momentum^  and  crank  proposed  to  be  applied 
to  work  ventilators,  and  to  many  other  useful  purposes. 
The  fly,  by  accumulating  in  itself  the  power  of  the  muehioe 
during  the  time  it  wu^i  acted  upon,  would  continue  in 
motion,  and  urge  forward  the  machinery,  whilst  Ihesteam 
engine  was  going  through  i(s  inactive  returning  stroke.** 

Let  (2,  then,  represent  ihc  cy- 
linder on  the  principle  of  New- 
comen ;  b  r,  two  racks,  of  which 
C  is  the  pi<tton  rod ;  the*«e  racki* 
are  toothed  on  two  angli*s,  two 
for  the  purpose  of  being  moved 
by,  and  giving  motion  to  the 
connecting  pinion  d,  and  the  re- 
maihing  two  for  the  purpose  of 
working  the  sectors,  c/;  these 
Mctors  have  palls  or  catcher  f  Fit z^rmfttt  Motion,  iTiSJ 
fixed  on  each  of  them,  which  are 
situated  so  as  to  fall  ui(o  the  teeth  of  the  ratchet",  ff  k. 


I 


IltOORAPIlY    Of  JA%1ES    WATT. 


47 


p 


We  will  now  suppose  iho  piiiton  rod  or  rack,  c,  to  be 
aicending  :  then  the  catch  on  the  arm  of  the  sector  will 
turn  round  the  ratchet,  and  the  uxle  upon  which  it  is 
fixed,  a  portion  of  a  revolution.  Thia  motion  will  be  con- 
tinued until  the  piston  has  reached  the  top,  when  the  pall 
of  the  sector, /,  falls  into  the  next  tooth  of  the  ratchet. 
The  motion  of  the  piston  is  now  reversed;  but  by  the 
iotenrention  of  the  pinion  d,  the  rack  b  begins  to  ascends 
and  repeats  the  same  operation  upon  the  ratchet  g^  as  the 
other  sector  did  upon  h  :  thus,  the  two  sectors  alternately 
act  upon  the  ratchet;^,  and  keep  the  axle  in  a  continuous 
rotatory  motion;  thJH  motion  is  communicated  to  another 
axle  by  the  whceh  ij:  on  the  latter  axis  a  fly  is  fixed, 
which  preserves  the  motion  equable  and  regular. 

There  is  much  ingenuity  in  this  invention,  although  we 
are  satisfied  it  would  never  answer  the  proposed  end. 
The  principal  objection  would  be  that  of  the  piston 
•triking  violently  the  top  and  bottom  of  the  cylinder  ; 
because,  as  the  motion  of  the  fly  is  obtained  from  the 
direct  action  of  the  piston  rod,  any  decrease  of  speed  in 
that  must  likewise  decrease  the  speed  of  the  fly-wheel,  and 
therefore  produce  an  irres:ular  motion.  Not  so  the  com- 
mon crank,  which  naturally  retards  the  motion  of  the  pis- 
ton, as  it  approaches  the  top  and  bottom  of  the  cylinder, 
whilst  itself  revolves  at  the  same  speed  throughout. 

We  now  come  to  the  most  important  era  in  our  history : 
that  in  which  Mr.  James  Watt  commenced  his  invaluable 
exertions  in  the  improvement  of  the  Sicam  Engine.  It 
belong  not  to  our  plan  to  give  biographical  sketches  of  the 
iDventors  who  come  under  our  notice ;  but  as  the  beginning 
and  progress  of  Watt's  career  form  some  of  the  principal 
events  of  his  life,  our  History  must  here  assume  somewhat 
of  this  character. 

James  Watt  was  born  in  Greenock,  in  the  year  1736. 
He  vu,  at  the  age  of  sixteen,  apprenticed  to  a  mathema- 
tical instrument  maker.  This  business,  it  appears,  differed 
materially  from  what  we  now  understand  by  the  term,  as  it 
«        consisted  of  land-surveying,  making  and  repairing  clocks, 
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■nd  cutlery.  In  the  year  1757,  he  wwi  appointed  mathe- 
matical instrument  maker  to  the  University  of  Glas^oWj 
and  apartments  were  ussi^rned  to  him  in  the  College,  to 
which  he  lived  and  transacted  his  bu^ines:). 

It  appears  that  at  this  period,  the  College  of  Glasgow 
possessed  apparatus  and  funds  by  which  they  were  enabled 
to  contribute  largely  to  (he  general  dilVubiun  of  useful 
knowledge  among  that  class  of  individuals  to  u  horn  it  was 
peculiarly  beneficial.  This  was  one  among  (he  many 
advantages  which  arone  from  the  establishment ;  but  the 
greatest  was  that  of  exciting  the  attention,  and  drawing 
forth  the  energies  of  >oung  Watt.  We  shall  give  the 
particulars  of  the  commencement  of  his  career  in  his  own 
words,  being  satisfied  that  we  cannot  exceed  them  either 
in  simplicity  or  elTect. 

"  My  attention/*  says  he,  "  was  first  directed,  in  1759, 
to  the  Hubjcct  of  steam  engines,  by  Dr.  Robison,  (hen  a 
student  in  the  University  of  Glasgow,  and  nearly  of  my 
own  age.  Robison  at  that  time  threw  out  the  idea  of 
applying  the  power  of  the  steam  engine  to  the  moving  of 
wheel  carriages,  and  to  other  purposes;  but  the  scheme 
was  not  matured,  and  was  soon  abandoned  on  bU  going 
abroad. 

*^  in  1761,  or  176*2,  1  made  some  experimentd  on  tbe 
force  of  steam  in  a  Papin*s  digester,  and  formed  u  species 
of  steam  engine,  b)  fixing  upon  it  a  syringe  one  third  of 
an  inch  in  diameter,  with  a  solid  piston,  and  furnished 
also  with  a  cock  to  admit  the  steum  from  the  digester,  or 
abut  it  off  at  pleasure,  as  well  as  to  open  a  communication 
from  (he  inside  of  (he  syringe  to  the  open  air,  by  which 
the  steam  contained  in  the  syringe  might  escape.  When 
the  communication  between  (he  cylinder  and  digester  was 
opened,  (he  steam  entered  the  syringe,  and,  by  its  action 
lifH)n  (he  piston,  raised  a  considerable  weight  (fifteen 
pounds)  with  which  it  was  loaded.  When  this  was  raised 
as  high  OS  was  thought  proper,  (he  communication  with  ■ 
ihe  digester  was  shut,  and  that  nith  the  atmosphere 
opened;  the  steam  then  made  its  escape,  and  the  weight 
, descended.     The  operations  were  repeated,  and,  though 
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in  <hw  experiment  the  cock  was  turned  by  hand,  it  was 
ea9v  to  see  how  it  cntild  be  done  by  the  machine  itself,  ond 
make  it  work  with  perfect  regularity.  But  I  soon  re- 
1inqul<thed  the  idea  of  constructing  an  engine  upon  this 
principle,  from  being  sensible  it  uould  be  liable*  to  some  of 
the  abjections  asrainst  Snvery's  engine;  namely,  from  the 
danger  of  bursting  the  boiler,  and  the  difficulty  of  making 
the  joints  tight ;  and  also  that  a  great  part  of  the  power  of 
the  steam  would  be  lost,  because  no  vacuum  was  formed 
to  nsi^t  the  descent  of  the  piston.*** 

Tbe  attention  necessary  to  his  business  of  a  mathemati* 
cal  instrument  maker,  prevented  him  from  prosecuting  the 
subject  any  further  at  this  time.  Dut  in  the  year  of 
1763-4,  having  occasion  to  repair  a  model  of  Ncwcomen*3 
rag^ine^  belonging  to  the  Natural  Philosophy  Class  of  the 
University,  his  mind  was  again  directed  to  the  subject. 
At  this  period  his  knowledge  was  derived  principally  from 
Desagaliers,  and  partly  from  Belidor.  lie  set  about  re- 
pairintf  the  model  as  a  mere  mechanician,  nnd  when  that 
was  done  and  set  to  work,  he  was  surprised  that  its  boiler 
w«8  not  supplied  with  steam,  though  nppnrently  quite 
Urge  enough  (the  cylinder  of  the  model  being  two  inches 
in  diameter  and  six  inches  stroke,  and  the  boiler  about 
nine  inches  in  diameter);  by  blowing  the  lire  it  was  made 
to  lake  a  few  strokes,  but  required  an  enormous  quantity 
of  injection  water,  though  it  was  very  lightly  loaded  by 
th*  colunin  of  water  in  the  pump.  It  soon  occurred 
to  him  that  this  was  caused  by  the  little  cylinder  exposing 
a  greater  surface  to  condense  the  steam  than  the  cylin- 
ders of  larger  engines  did,  in  proportion  to  their  re- 
cpecttve  contents ;  and  it  was  found  that  by  shortening 
tbe  column  of  water,  the  boiler  could  supply  the  cylinder 
with  steam,  and  the  engine  would  work  regularly  with  a 
no^rale  quantity  of  injection.    It  now  appeared  that  the 

•  Thr  re*»oti»  h^re  pi* en  by  the  hUloriaii  will  appear,  to  mndcrn 
iDerh*nic«,  rery  fulile  and  inauffit  icnt.  It  is  not  a  matter  now  of  rtny 
••^lAr-Qlty  to  maVe  ttie  joints  tipht:"  and  Iiijch-preMure  «teaTn,  it  t« 
wrfl  known,  it  more  «conomical  than  that  with  which  Mr.  Watt 
worked  hi»  ?npine». 
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ryliiiilers  beiiiic  uf  brass  would  conduct  Ik«q(  much  belter 
than  the  cast-iron  cylinder*  of  lorjjer  engines  (whirh  were 
gcnernlly  lined  with  a  stroni;  crust),  and  (hat  conniderablo 
adxantage  could  be  grained,  by  ntnking  the  rylinder;  of 
some  substance  that  would  receive  and  £[ivo  out  heat  the 
iJoweal,*  A  nmall  cylinder,  of  six  inche.^  diameter  and 
-twelve  inches  stroke,  was  constructed  of  wood,  previously 
Voaked  in  linseed  oil,  and  baked  tu  dr>nesrt.  Some  experi- 
ments were  made  with  it;  but  it  uu-s  found  (hut  cylinders 
of  wood  were  not  at  all  likely  to  prove  dural>le,  and  (hat 
the  steam  which  was  condensed  in  Qltin";  it,  still  exceeded 
the  proportion  of  (hat,  which  was  rec^uired  in  engines  of 
Jarger  dimensions.  It  was  also  ascertained,  (hut  unless 
the  temperature  of  the  cylinder  itself  were  reduced  as  low 
■9  that  of  the  vacuum,  it  would  produce  vapour  of  & 
temperature  suflicient  to  resist  part  of  (he  pressure  of  the 
atmosphere.  All  attempts,  therefore,  to  reduce  by  a  bet- 
ter exhaustion,  by  throwing  in  a  greater  quantity  of  injec- 
tion water,  was  a  waste  of  steam  ;  for  the  larger  mass  of 
injected  water  cooled  the  cylinder  so  much,  as  to  require 
•  quantity  of  steam  to  beat  it  aj^ain,  out  of  proportion  lo 
the  power  gained  by  having  made  a  more  perfec(  vacuutD; 
and  on  (his  account  the  old  engineers  ac(od  wisely  in 
loading  the  engine  with  only  »ix  or  seven  pounds  weight 
on  each  square  inch  of  the  piston. 

It  appears  by  Dr.  Ure,  that  '\Va((  (ried  some  experi- 
ments regarding  (he  latent  heat  of  steam,  of  which  the 
Doctor  given  the  tbllowing  account : — ''  In  some  conver- 
sations wi(h  which  this  great  ornament  and  benefactor  of 
bis  country  honoured  me,  a  short  period  before  his  death, 
he  described,  w  ith  delightful  naivete,  the  simple  but  deci- 
sive experiments  by  which  be  discovered  the  latent  beat  of 


•  The  inventor  wot  risli(  in  proposing  to  ute  tome  materisi  which 
wuuld  receive  «iitl  give  out  heat  the  •loweBl,  but  greatly  >a  error 
when  he  suppotrd  fmlnhtii  mr/aeft  would  conduct  hettt  quicker  thsB 
rough  one».  Ii  hai  been  repeatedly  proved,  that  rough  iurface«  are 
belt  adapted  to  give  oat  or  receive  heal,  the  unevenoeBs  of  the  ftur. 
facet  acting  like  an  iinnienre  nomocr  of  couductort  to  and  froin  tha 
mvCal. 
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Steam.  His  means  and  leisure  not  then  permiliiufi;  an  ex- 
pen:site  and  complete  apparalus,  he  ined  apolbecaries' 
phials.  With  these,  lie  ascertained  (he  two  main  facts; 
firsl^  (hat  a  cubic  inch  o(  water  nould  Turin  about  a  cubic 
foot  of  ordinary  steam,  or  \7'2S  inches;  and  that  (he  con- 
densation oC  ihut  c|uatitily  of  steam  would  beat  six  cubic 
iocbes  of  uater,  from  the  atmonpheric  pressure  to  the 
boiling  point,  ilence  he  saw  that  nix  times  the  difference 
of  temperature,  or  fully  8U0°  of  heat,  had  been  employed 
in  givin*;  elasticity  to  steam,  and  which  must  be  all  sub- 
tmutcti  before  a  complete  vacuum  could  be  obtained  under 
the  piston  of  a  steam  engine/* 

The  great  experimentalist  deserves  as  much  praii^e  for 
tlMSkC  experiments  as  for  any  thing  he  ever  etlecled.  Upon 
Uie  facts  developed  in  this  inquirV)  he  constructed  the 
thettry  u  hich  will  carry  his  nauie  to  posterity.  Although  he 
aM>de^tly  ascribes  hi:^  discoverv  to  Ur.  Black's  explanation 
of  his  t h tor y  of  latent  heat,  there  can  be  no  doubt  that 
these  exporiuit'iits  were  more  decisive  and  useful  than  any 
theoretical  explanation  could  possibly  be. 

He  found,  there fore^  that  his  first  business  was  to  keep 
the  c) tinder  as  hot  as  possible,  and  that  to  obtain  a  tole- 
rable Taciium,  the  temperature  oF  the  condensed  steam 
should  be  at  most  100°,  and  less  if  posi^ible.  Various  were 
the  means  which  were  contemplated  to  effect  these  ends^ 
when,  early  in  1765,  it  struck  him,  *-'  tfiat  if  a  cummunicQ' 
f^/g  were  opened  between  a  cylinder  containing  steam^  and 
amother  v<:ssel  which  was  exhansted  of  air  and  other  fluids^ 
tke  tUeam,  ax  an  expansible  fluid,  would  immtdiatehj  ry$h 
into  the  empty  vessel^  and  continue  to  do  so  until  it  had 
$9iabitsht:d  an  equilibrinin ;  and  if  that  vessel  trere  kept 
very  roo/,  by  an  injection  or  otherwise,  more  stettm  would 
iotUimue  to  enter  until  the  whole  were  condensed.'' 

So  far  we  have  the  invention  complete;  but  hIiU  the 
condensed  water  and  inrondensible  ^team  were  not  dis- 
posed of,  and  how  to.rid  the  condenser  of  thoM!  was  lonti^ 
a  matter  of  difTiculty.  The  water,  indeed,  could  be 
allowed  to  run  offj  by  havin;^  a  pipe  whose  length  wou| 
exceed  thai  of  a  column  of  water  equivalent  to  the  pi 
(ure  of  the  atmosphere,  but  the  air  was  not  r(.'mov(>d< 
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last  it  occurred  to  him  that  a  pump  would  drnw  off*  both  air 
and  water,  and  preserve  a  perfect  vacuum  in  the  condenser.    - 

Thus  was  completed  one  of  the  greatest  inventionfi  ftrer  I 
known.     By   the  simple  operation   of  thought,  in  a  few 
days,  WAS  effected  that  which  had  hitherto  been  deemed  an 
impOSBibilily — a  hot  cylinder  and  a  prrftci  vacuum. 

We  should  act  unfairly  if  we  concealed  that  Mr.  Watt 
has  been  denied,  by  Home  men  of  great  respectability^  the 
merit  of  dii^covering  the  separate  condenser.  HornbJower 
says,  ^^  It  occurred  to  Mr.  Gainsborough,  the  pastor  of  a 
dissenting  congregation  at  Henley  on  'I'hames,  and  brother 
to  the  painter  of  that  name,  that  it  would  be  a  great  im- 
provement to  condense  the  steam  in  a  vessel  distinct  from 
the  cylinder  where  the  vacuum  was  formed  ;  and  he  under- 
took a  set  of  experiments  to  apply  the  principle  he  had 
established,  which  he  did,  by  placing  a  small  vessel  by  the 
f(ide  of  the  cylinder,  which  was  to  receive  just  so  much 
fiteani  from  the  boiler  as  would  discharge  the  air  and  con- 
densing water,  in  the  same  manner  as  was  the  practice  from 
the  c>  Under  itself  in  the  Newcomonian  method,  that  is, 
by  the  shifting  valve  and  sinking  pipe.  In  this  manner  he 
used  no  more  steam  than  was  just  necessary  for  that  parti- 
cular purpose.  The  circumstances  as  here  related  receive 
some  confirmation  by  a  declaration  of  Mr.  Gainsborough, 
the  painter,  to  Mr.  J.  More,  late  secretary  to  the  Society 
ofArti*,  who  gave  the  writer  of  this  article  ihe  informa- 
tion. Whether  he  clothed  the  cylinder  as  Mr.  Watt  does, 
is  uncertain  ;  but  his  model  succeeded  so  well,  as  to  induce 
•lonieofthe  Cornish  adventurers  to  send  their  engineers 
to  examine  it ;  and  their  report  was  so  favourable  as  to 
induce  an  intention  of  adopting  it.  This,  however,  was 
soon  after  Mr.  Watt  had  bis  Act  of  Parliament  passed  for 
the  extension  of  his  term  ;  and  he  had  at  the  tmme  time 
made  proposals  to  the  Cornish  gentlemen  to  send  his  ■ 
engine  into  that  county.  This  necessarily  brought  on  a 
competition,  in  which  Mr.  Watt  succeeded;  but  it  was 
asserted  by  Mr.  Gainsborough,  that  the  mode  of  condenft* 
ing  out  of  the  cylinder  was  communicated  to  Mr.  Watt  by 
llie  uflicious  fully  of  iin  acquaintance,  who  was  fully  in 
formed  of  what  Mr.  Gainsborough  had  in  hand." 
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At  this  date  it  ts  impossible  to  decide  the  merits  of  their 
respective  claims.  It  does  not  appear  that  much  credence 
bus  been  given  to  the  statement  of  llornblower  by  recent 
writers,  but  we  certainly  consider  (hat  it  throHs  consider- 
able  doubt  upon  the  matter.  We  by  no  means  think  with 
Dr.  Brewster,  that  Hornblower's  ignorance  of  these  cir- 
cumstances, nhen  examined  before  the  House  of  Com- 
mons, precluded  the  possibility  of  his  knowing  them  after- 
wards. But  there  is  so  much  detraction  where  there  is 
merit,  that  we  sincerely  hope  this  solitary  testimony  is 
dubious,  especially  when  we  consider  that  Mr.  llornblower 
wai  a  rival  of  Watt  during  the  whole  of  his  career. 

The  accompan)ing  drawing  represents  Watt's  engine, 
with  nearly  all  his  improvements,  and  exhibits  it  in  a  state 
of  perfection  to  which  it  was  only  brought  at  a  late  period 
of  his  life.  It  servos  our  purpose  better  to  explain  his 
successive  alterations  and  additions  in  this  way,  than  to 
give  separate  and  unconnected  diagrams,  which  would  but 
convey  to  our  renders  an  obscure  and  indeOnite  idea  of 
their  arrangement.  We  shall  first  proceed  to  explain  the 
principle  of  this  machine,  and  afterwards  detail  the  datea 
of  the  improvements  as  they  were  added. 

Our  readers  must  suppose  the  cylinder,  a,  to  resemble 
that  of  Newcomen^s  engine,  excepting  that  it  is  more 
accurately  bored,  so  (hat  il  may  be  perfectly  cylindrical 
throughout.*  It  is  lilted  wiih  a  lid  or  covering  at  top  and 
bottom,  instead  of  being  left  open  at  top  as  in  the  old 
engine.  In  (he  centre  of  (he  upper  covering  is  a  hole, 
through  which  the  piston  rod  piLsses ;  on  this  lid  is  the 
i»tuf!ing  box  c,  the  lower  part  of  which  consists  of  a  hoop 


•  Thi»  required  a  degree  of  perfection  in  (he  art  of  boring,  which 
bid  ttol  beoii  allained  prcvinu»|y  to  llie  lime  of  Watt.  The  method 
Ititbrrlo  ailoplcd  had  been  to  depend  upon  thr  accurary  of  the  cal^t\u^ 
lor  the*  guiiUnrc  of  the  culter,  uiid  as  this  %va9  either  tVequeiilly  un- 
truT,  or  in  some  pnrtn  Noftcr  th.in  in  others,  the  boring  varied  from  the 
trtie  cylindriral  form,  «heii  either  of  these  miiKhnnces  uro^e.  The  im- 
ftrored  method  obviated  these  objertioni  by  fixing  Ihe  cutter  block 
firmly  upon  a  cylindrical  bar,  and  cauftin?  the  cylinder  to  revolve  after 
It  liHrl  heen  accurately  ehuckcd,  ait«l  the  culler  blotk  was  propelled 
the  length  of  the  cylinder  by  a  scrcvv  in  the  interior  of  the  bar. 
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or  earity,  with  a  flunch  and  screw  holes.  The  interioi  of 
(be  cavity  is  lar^e  enou^^h  (o  admit  some  soft  vegetable 
bubntance  (homp  or  cutlon)  to  Burround  the  piston  rod, 
which  U  likewise  accurately  turned.  The  covering,  or 
apper  part  of  the  stufling  box,  is  less  than  the  interior  of 
the  cavity  in  which  the  stufling  is  lodged;  when,  there- 
fore, the  screws  are  tightened,  (he  upper  p^^rt  presses  the 
Muffing  closely  to  the  piston  rod,  and  prevents  the  escape  of 
»teani.  d  is  the  beam  made  of  cast  iron  ;  it  rests  upon  the 
centre,  «,  and  is  connected  at  the  farther  end  by  the  con- 
necting rod,/,  to  the  fly  wheel,  g,  the  axis  of  which  drives 
the  machinery.  The  mode  by  which  the  revolution  of  the 
fly  wheel  is  effected,  is  by  what  is  called  a  sun  and  planet 
motion,  and  may  be  thus  explained  : — k  is  a  toothed  wheel, 
bolted  on  to  the  connecting  rod,  so  that  it  cannot  revolve 
upon  its  axis,  o  is  likewise  a  toothed  wheel,  fixed  to  the 
fly  wheel  axis,  so  that  they  cannot  revolve  but  in  conjunc- 
tion. The  centres  of  the  two  wheels  arc  connected  by  a 
bar,  so  that  the  centre  of  the  wheel  h  describes  a  circle,  of 
which  the  fly  wheel  axis  is  the  centre-  The  fly  wheel,  ia 
this  incitance,  make^  a  revolution  at  each  stroke  of  the  pis- 
ton, dtfTering  essentially  from  the  common  crank,  which 
makes  but  one  revolution  for  two  strokes  of  the  piston* 
Tb<^  latter  may  be  compared  to  a  man  turning  an  axle  by 
a  handle,  whilst  the  former  is  like  the  same  axle-  turned 
bj  a  y^heei^  fixed  upon  the  handle.  The  principle  will  be 
IwUer  understood  by  reference  to  our  drawing. 

Let  m  suppose  the  connecting  rod  to  be  descending.  At 
present^  the  points  o  o  are  in  contact ;  but,  when  the  con- 
necting rod  has  descended  to  the  lowest  part  of  its  circle, 
the  points  q  <j  will   be   in  contact;   the  number  of  teeth 
between  o  and  q  corresponding  in  each  wheel;  but  this 
cannot  take  place  until  the  wheel  h  be  directly  under  the 
^becl  on  the  fly  wheel  axis  ;  and  as  the  piston  has  but  half 
a  stroke  to  make  before  the  wheel  k  will  be  under  the 
nt\ier  wheel,  the  latter  wheel  must  perform  a  semi-revolu- 
tion, whibt  the  centre  h  has  only  described  one-fourth,  or, 
io  other  words,  for  each  half  stroke  of  the  piston  :  and  b. 
whole  revolution  for  each  stroke  thereof.   The  advantages 
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of  which  arc,  thul  ihc  fly  nhopl  mako-it  1wic<t  (he  nuniUer~ 
of  revolulinn?  by  this  incthuH,  than  it  would  hy  (he  com- 
mon crank,  so  (hut  a  Hghtcr  fly  wheel  ia  required ;  bosidca 
which,  it  is  extrrnu'ly  convenient  where  a  rapitl  motion  ib 
necessary.  There  are,  however,  several  dwntlvantn^es 
attending  it,  among  which  may  be  enumerated  (hose  of  its 
being  le^s  siin^ilo,  more  expensive,  and  more  ea*«ily  dc* 
ranged. 

A  «  m  is  the  parallel  motion;  (he  purpose  of  (irH  U,  to 
keep  the  piston  rod  perpendicular,  whiUt  the  end  of  the 
beam  (to  which  it  i^  attached)  describe*!  a  segment  of  m 
circle,  f /represents  the  motion  of  the  piston  rod,  and 
he  da  the  motion  of  (he  end  of  the  l>eam,  the  centre  of 
which  i^  at  g.  The  points  cd  are  the  only  parts  where 
the  two  motions  coincide ;  and  it 
would  he  impracticable  to  con- 
nect n  piston  rod,  the  movement 
of  nhich  is  rectilineal,  with  (be 
endof  a  beam  whosemovement  is 
curvilineal,  except  by  a  rack  and 
fvector.  Thi^wastried^  and  found 
extremely  objectionable,  and 
finally  guve  way  to  the  parallel 
motion. 


The  following  explanation  will  inform  our  readers  of 
the  principle  of  »ll  such  parallel  motions,  a  represents  a 
beami  of  which  b  is  the  centre,  and  c  d  another  beam  of 
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equal  length,  e/ h  a  rod  joined  to  the  end  c  of  the  beam 
dy  nnd  the  end  of  the  hcnm  f  oi'  the  l>e;un  n.  The  pinion 
rod  g  is  attached  to  the  middle  of  the  piece  e/;  and  as  the 
b^aius  are  of  e<)ual  radii,  therefore  the  versed  sizes  are 
equal,  but  in  opposite  directions,  so  that  the}  correct  each 
other;  for  when  the  end^'of  e^"  is  at  any  given  distance 
from  the  perpendicular  line  g  A,  the  lower  point  e  of^e/  irt 
drawn  the  banie  dii^tance  from  the  perpendicular  in  the 
contrary  direction;  and  thus  the  centre  of  the  piece  ef 
will  always  remain  in  the  parallel  line  g  h. 

Though  we  may  thiw  illustrate  the  principle  of  the 
parallel  motion,  yet  this  method  is  fieldom  or  never 
adopted,  as  il  requires  much  extra  room  ;  because  (he 
beftm  cd  being:  l^i^lf  the  length  of  the  main  beam,  the 
engine  house  must,  to  admit  it,  be  nearly  one  half  longer 
than  is  required  for  the  beam  alone.  The  form  generally 
preferred  is  that  given  in  our  connected  drawing,  lo  whicJi 
we  will  refer.  The  piston  rod  is  attached  by  pivots  to  iho 
end  of  the  rod  or  rods  r,  which  are  also  connrcled  by 
pivots  lo  the  end  of  the  beam.  The  rods  g  m  are  of  equal 
length  with  those  attached  to  the  piston,  and  turn  upon 
:*imilHr  pivots  on  the  beam.  These  rods  are  cpnnecled  by 
the  bridle  k^  so  that  the  ends  of  m  and  r  describe  a  similar 
line  when  in  motion.  The  beam  or  rod  em  is  equal  in 
length  lo  the  part  of  the  beam  e  ^,  so  that  e  gm  e  would 
SFparalely  exhibit  the  same  appearance,  and  produce  the 
fame  effect  as  would  the  apparatus  exhibited  in  our  last 
diagram:  (hot  is  to  f^ay,  then*  is  u  point  in  gm  Mhicli 
(iLscribes  a  rectilineal  motion.  We  have  already  shown, 
(hal^  by  the  rod  it,  the  pieces  g  m  and  the  pieces  r  must  act 
in  conjunction  ;  so  that  if  a  parallel  motion  be  obtained  iu 
jpm,  il  must  likewise  be  obtained  in  r.  To  that  part  of  r 
tie  piston  rod  is  attached,  and  is  thereby  kept  parallel 
during  the  ascent  and  descent  of  the  beau). 
■  The  governor  or  pendulum,  x,  is  u^ed  for  regulating  the 

quantity  of  fliteam  admitted  into  (he  cylinder,  and  maybe 

kposjly  understood.     The  balls  are  hea\  y,  nnd  rise  or  full 
according   to   the  speed.      When    the    engine    goe«    too 
3.  I 
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quickly,  they  uUu  revolve  with  r<|un]  rapidity;  the 
ceiitrifugHl  turce  of  (he  bulk  bviut^  thua  iucrcascdy 
(bey  recede  from  the  ceatre,  and  thereby  raise  the 
levers  by  which  they  ore  suspended  ;  these  levers  are  con- 
nected with  (he  nhorter  ones  u  u,  which,  in  expuiiding^ 
cuuKe  the  ring  or  strup,  w^.  to  descend.  Into  a  groove  ot 
(his  rinj;  u  tork  or  vemicirrle  is  made  to  fit,  which  is  tixed 
to  the  end  of  (he  lever  w  H  ;  so  (hat  as  much  as  the  strap 
a^jcends,  (he  further  end  of  (he  lever  descends,  and  by  thu 
rod,  H  Z,  depresties  (he  handle  of  the  throttle  valve,  Z, 
which  is  a  \niie  in  (he  interior  of  (he  s(eani  pipe,  of  auch 
diiueuiiioiH  an  (o  comple(ely  fill  the  pipe  in  one  position, 
and  by  presenting  iLs  edj^e  to  the  steam  in  another,  to 
oppose  no  resistance  to  the  entrance  of  (he  i^team. 

We  mus(  now  return  (o  the  cylinder  and  condenser,  (he 
latter  of  which  id  not  shewn,  but  may  be  briefly  de6crit>ed. 
It  consi3(suf  a  tube  immersed  in  cold  ua(er,  and  connected 
at  the  bottom  by  a  pipe  to  a  pump,  which  is  worked  by 
the  rod,  4.  The  use  of  this  pump  is  tu  preserve  the  va- 
cuum by  drawing  oW  uncondensed  vapour  and  the  water 
of  injection.  It  acts  precisely  on  the  same  principle  as  the 
common  air  pump,  and  bears  the  same  name,  (he  receiver 
of  the  air  pump  being  (he  condenser  of  the  engine,  and  iho 
pump  similar  in  both.  We  will  now  suppose  steam  ad- 
mi((ed  from  the  cylinder:  a  valve,  culled  the  hlotvhtg 
vaJve^  19  opened,  which  permits  the  steam  to  enter  the 
cylinder  and  condenser,  and  drive  out  the  air.  When  (he 
air  ia  expelled,  which  may  be  known  by  the  crackling 
noise  and  ebullition  which  takes  place  in  the  water,  (the 
former  arising  frftm  tlie  globules  of  pure  steam  rapidU 
condensing,  and  (he  water  thereby  cullup«iing,)  (he  blon  iiig 
valve  is  shut,  and  the  valves  arranged  so  that  the  steuui 
can  enter  th*,*  upper  part  of  the  cylinder.  The  steam  actini; 
in  conjuncdun  with  the  vacuum  now  formed  on  (he  lower 
side  of  (he  piston  causes  it  to  descend  (o  (he  bottom.  The 
lever,  I,  is  now  turned  downwards,  and  shuts  (hat  valve, 
wbiJM  2,  on  a  pipe  behind  that  which  we  tM:e,  opeim  a  pas- 
sage to  the  condenser.     The  lever,  3,  is  at  the  same  (itue 
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opened,  admitting  the  steam  under  the  piston,  which  con- 
Mqiienlly  ascends.  In  the  act  of  rising,  a  jet  of  cold  water 
a  admitted  into  the  condenser,  which  expedites  the  con- 
densation. There  are  a  number  of  tappets  on  the  pump 
rod,  4,  which  repeat  the  changing  of  the  valves  when  the 
enfifine  is  left  to  itself.  The  water  in  the  reservoir  sur- 
rounding the  condenser  would  he  soon  heated  by  the 
steam,  but  that  a  pump  worked  by  the  rod,  5,  keeps  a  con- 
stant supply  of  cold  water  from  the  well.  6  is  a  sninll 
pump,  which  supplies  the  boiler  with  water  from  the 
heated  water  drawn  out  of  the  condenser. 

Having  now  explained  the  mode  of  operation,  we  have 
to  slate  that  the  Hrsl  engines  were  used  for  pumping 
water,  and  for  that  purpose  alone.  The  first  engine, 
therefore,  was,  like  Newcomen's,  a  single  acting  one,  a** 
its  power  was  only  exerted  in  one  direction.  It  was 
covered  at  the  lop  like  the  double  engine,  but,  instead  of 
having  the  steam  and  vacuum  to  aid  it  in  both  ascent  and 
descent,  the  vacuum  was  only  used  in  the  descending 
stroke  of  the  piston,  whilst  the  ascending  one  was  effected 
by  a  heavyweight  or  counterpoise  at  the  further  end  of 
the  beam.  During  the  latter  operation,  the  steam  wau 
admitted  by  a  valve  from  the  upper  to  the  under  side  ot 
the  piston,  and  was  there  used  for  forming  the  vacuum 
below.  By  this  method  the  air  was  entirely  exclude<l 
from  the  cylinder. 

The  first  engine  was  of  this  description  ;  it  was  erected 
on  the  estate  of  the  Duke  of  Hamilton,  at  Kenneil,  about 
a  mile  from  Borrowstoness,  in  Scotland.  The  cylinder 
tas  eighteen  inches  in  diameter,  "  and  it  was  successively 
altered  and  improved,  until  it  was  brought  to  considerable 
perfection.*'  In  176S  and  9,  a  patent  was  procured,  in 
conjunction  with  Dr.  Roebuck,  (the  founderof  the  Carron 
Iron  Works,  and  through  whose  interests  the  experimental 
engine  had  been  erected  nt  Kenneil,)  and  arrangementfi 
were  made  to  manufacture  on  a  large  scale,  when,  from 
Pecuniary  embarrassments,  the  Doctor  was  obliged  to 
withdraw  his  promised  aid,  and  Watt  was  about  to  aban- 
don his  project.      It  forturately  happened,  howcverj  that 
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(o  fourteen  pounds  on  the  inch^  and  the  leng^th  of  iIm 
iitroke  lo  be  eight  feet. 
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It  is  stated  in  the  gpecification  that  the  sum  of  all  the 
varying;  powers  Is  greater  than  fifly-seven  hundredth  part< 
of  the  original  power  multiplied  by  the  length  of  the 
rylinder,  whereby  only  one  fourth  nf  the  Hteam  necessary 
to  fill  the  cylinder  is  employed,  and  the  effect  \^  more  than 
half  that  which  would  have  been  produced  by  the  cylinder 
full  of  steam.  Thus  the  sum  of  all  the  numbers  which 
express  the  action  of  the  steam,  taken  at  twenty  different 
places  in  the  descont,  is  II  "583;  whilst  the  whole  pressure, 
represented  by  J,  and  taken  likewise  at  different  places, 
will  be  20 ;  it  id,  therefore,  VnVi  or  iVV* 

This  is  a  curious  fnct,  and  sufliciently  proves  the  great 
ecotiomy  of  the  expanwive  principle.  For,  had  steam  been 
admitted  durinj^  the  whole  of  the  stroke,  the  accumulated 
pressure  would  have  been  (i333x4,  or  25,332 lbs.  The 
quantity  of  ste'am  con<tumed  during  this  stroke  would  have 
been  four  times  more  than  if  it  had  been  shut  oflfat  one 
fourth  of  the  stroke,  and  yet  the  effect  of  the  whole  is  only 
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fire  thivds  of  llial  produced  by  the  latter.  One  fourth  of 
the  steam  prrforms  three  fifths  of  the  work  which  would 
have  been  performed  by  ibe  whole. 

The  boiler  of  Mr.  VVati's  engines  was  generally  made 
of  what  14  called  the  waggon  form,  and  so  placed  on  the 
furnace  that  the  flame  passes  through  a  long  flue,  which 
yoea  twice  round  the  bottom  part  of  the  boiler.  In  order 
to  ascertain  the  height  of  the  water  in  the  boiler^  two 
guage  coclti)  are  employed,  one  a  little  above,  and  the 
other  a  little  below  the  proper  level  of  the  water.  Con- 
sequently, if  the  water  be  at  the  proper  height,  the  lower 
cock  will  emit  water^  and  the  higher  one,  steam.  If  water 
should  isciue  tVoni  both,  it  is  evident  that  there  is  too  much 
in  the  boiler  ;  but  if  steam  only  be  given  out,  then  it  is  too 
low.  The  supply  of  water  is  kept  up  by  a  small  pump, 
shewn  al  6,  in  our  drawing,  which  is  fed  from  the  hot- 
well. 

The  apparatus  on  which  the  safety  of  all  steam  engines 
depends,  is  the  safety  valve  ;  that  of  Mr.  Watt  was  of  the 
lever  kind  ;  the  valve  itself  is  conical,  and.so  loaded  that 
its  weight  may  exceed  the  force  of  the  steam  within.  As 
soon  as  the  pressure  e.xceeds  the  load  on  the  valve,  it  lifts 
it  up,  and  the  steam  blows  off  until  the  equilibrium  be 
restored.  There  is  likewise  another  safety  valve,  which 
opens  inwards,  being  balanced  likewise  by  a  lever  and 
weight,  to  keep  it  shut.  Its  use  is  to  prevent  the  sides  of 
the  boiler  from  being  crushed  by  the  pressure  of  the 
atmosphere,  when  the  engine  has  stopped,  and  the  steam 
within  id  condensed  by  the  removal  of  the  fire. 


We  now  come  to  speak  of  the  imperfections  attendant  on 
the  Bolton  and  Watt  engine  :  these  are,  friction  from  thw 
rubbing  of  the  moving  parts  against  each  other — the  reci- 
procation of  the  machinery,  and  the  irregularity  of  the 
motion  i  we  shall  notice  them  successively. 

First,  The  rubbing  of  the  parts  against  each  other.^ 
Thi»  evil  must  exist  in  every  conceivable  form  into  which 
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the  steam  engine  may  be  niocHliccK  but  no  doubt  the  quan- 
tity nmy  be  cousideriibly  reduced.  The  steuni,  in  order 
that  it8  full  elfect  may  be  oblttined,  act^  at^ain^ft  ti  moveable 
piston  in  a  cylinder  from  which  it  rannot  escape.  This 
pivton  is,  as  ha;)  been  explained,  packed  or  stuffed  on  it» 
tdges!,  which  prevent?*  tlie  steam  from  eMrupin^  past  it; 
and  from  the  nature  of  the  material  u>^d  for  packing;,  and 
the  tightness  with  which  it  is  pressed  against  (he  c)1inder, 
the  friction  ariae!^.  This  is  sometim<s  ho  great,  thai  we 
have  seen  engines  where  the  whole  force  of  the  steam 
could  not  give  them  motion.  It  is  usually  estimated  at 
one  third  of  the  power  of  the  steam — that  i-^  to  say,  if  the 
•ftteam  acted  upon  a  piston  with  a  force  of  I'KlOlba.,  the 
rlTcct  produced  would  not  exceed  1000  lbs.,  a  power  of 
600  lbs.  ha%in^  been  absorbed  by  the  movement  of  the 
machinery  alone. 

The  next  objection  is  the  reciprocation  of  the  parts. 
ThU  is  an  evil  of  considerable  ma£;:nitude.  It  orifvindtes 
from  an  inherent  law  in  matter,  by  which  all  bodies  have 
a  tendency  to  continue  in  the  motion  communicated  to 
them,  or  remain  in  their  natural  state  of  rest.  Ifa 
ball  be  dischiiri^ed  from  the  mouth  of  a  cannon,  it  requires 
•n  exertion  of  force  to  give  it  an  impetus  greater  than 
would  be  required  to  continue  its  motion.  If  its  progresi 
be  arrested  whilst  in  motion,  a  shock  will  be  experienced 
by  the  body  which  impedes  it,  the  force  of  which  shock 
will  vary  as  the  velocity  of  the  ball.  When  this  ball  cea»<s 
to  move  without  any  I'isible  impediment,  it  is  not  that  it* 
original  impetus  is  exhausted  or  Bpent,  (though  the  latter 
term  is  frequently  used,)  but  that  it  ih  gradually  over- 
come by  the  particles  of  air,  which  form  a  succession  of 
points  of  resistance,  and  the  attraction  of  (gravitation)  which 
has  a  tendency  to  draw  it  towards  the  centre  of  the 
earth.  Were  it  not  for  the  operation  of  tho9e  com- 
bined but  invisible  forces,  the  ball  would  continue  in 
motion  for  ever,  because  nothing  would  intervene  to 
de<}troy  the  primary  impetus*.  This  property  of  matter 
occasions  a  considerable  destruction  of  power  in  the  bteam 
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engine.    The  motion  of  a  massive  beam,  and  its  necessary 
appendages  of  machinery,  a  piston,  connecting  rod,  paral- 
lel motion,  and  pump  buckets,  have  to  be  reversed  at  each 
stroke  of  the  engine,  and  that,  too,  when  the  speed  is  very 
peat.     The  natural  state  of  rest,  or  vis  inertia,  (i.  e,  the 
r&rce  of  inactivity,)  lian  to  be  overcome  at  the  commence- 
ment of  each  stroke;  and  when  a  great  velocity  is  ac- 
({Dired,    it    is  as   suddenly   checked    to    prepare   for    the 
returning  one.     This  unavoidably  produces  a  great  strain 
upon  the  machinery,  which  must  be  made  proportionably 
more  massive:  and  it  requires  likewise  great  skill  in  the 
coQstruction  of  the  engine   house,  to   prevent  its  being 
nltimately  destroyed,  by  the  alternate  push  and  pull  which 
it  experiences  at  each  reversion  of  the  beam.     We  have 
frequently  seen  the  best  constructed  engine  houses  shaken, 
and  almost  falling  to  pieces  from  this  cause. 

Various  schemes  have  been  proposed,  to  remedy  one  of 
the  evils  of  reciprocation.  We  mean  the  shock  expe- 
rienced by  the  reversion  of  the  motion.  It  is  not  expected 
to  prevent  the  loss  of  power  sustained  thereby ;  for  that 
must  remain  as  long  as  the  law  of  which  we  have  just 
spoken  exists.  Where  a  crank  and  fly  wheel  are  used  to 
obtain  a  rotatory  motion,  a  shock  is  prevented  by  the 
velocity  being  gradually  retarded,  the  crank  having  to 
perform  a  greater  portion  of  its  revolution  with  only  the 
tame  surface  of  steam  at  the  commencement  and  termina- 
tion of  each  stroke  of  the  piston  :  we  explain  our  meaning 
by  reference  to  the  marginal  diagram.  , 
(1  5  is  the  crank  of  a  steam  engine,  of 
which  the  semi-circle  d,  c,  a,  c,  /,  repre- 
sents the  motion  communicated  by  one 
stroke  of  the  piston  ;  when,  therefore,  the, 
crank  in  its  present  position  is  moved  from 
a  toe,  the  piston  is  at  its  greatest  speed, 
and  travels  nearly  at  the  same  velocity  as 
the  point  a  of  the  crank.  But  when  ^ 
moving  from  c  to  d,  an  equal  portion  of  a  S 
yovolution,  the  piston  only  moves  a  distance  equal  (o  gd, 
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in  the  same  space  of  time,  as  it  had  previoutily  moved  m 
distance  equal  to  b  g,  almost  double  of  d  g.  ilcnce  it 
appears  that  the  crank,  by  gradually  decreasing  the  speed, 
ii  admirably  adapted  for  preventing  the  violent  »hock 
which  would  otherwise  be  experienced  by  the  piston 
striking  the  top  and  bottom  of  the  cylinder,  and  by 
changing  the  motion  of  the  beam  too  suddenly ;  but  it  does 
nothing  towards  reducing  the  power  lost  by  reciproca- 
tion. ]n  pumping  enf^ines,  where  a  fly  wheel  and  crank 
are  not  used,  other  means  are  adopted  to  check  the  force  of 
thiF  piston,  or  guard  against  the  shock  of  suddenly  chan^;- 
ing  the  ntotion  of  the  beam.  In  the  coal  districts,  the 
usual  way  is  to  shut  off  the  steam  when  a  part  of  the  stroke 
has  been  performed  ;  the  expansive  force  of  that  alrcndy  in 
the  cylinder,  together  with  the  impetus  of  the  piston  suf* 
ficing  to  barely  carry  it  to  the  termination  without  vio- 
lence. In  such  engines,  springs  are  sometimes  fixed  above 
and  below  the  beam,  so  as  to  check  its  progress,  should  the 
steam  possess  more  force  than  may  be  expected.  ^^  It  once 
happened,**  says  Mr.  Farcy,  ^^  that  the  valve  of  the  pump 
bucket  breaking,  the  engine  suddenly  lost  it^  load  or 
resistance,  which  occasioned  the  piston  to  descend  and 
strike  on  the  spring  beams  for  two  or  three  successive 
strokes  with  such  violence  as  to  break  one  of  the  I>eam9i, 
«ad  at  last  the  piston  striking  the  bottom  of  the  cylinder, 
the  momentum  oj  the  beam  forced  down  upon  the  rod  so 
violently  as  to  bend  the  great  piston  rod  quite  crooked. 
To  prevent  similar  accidents,  a  smaller  steam  pipe  was 
added  to  the  side  of  the  vertical  steam  pipe  communicating 
with  the  passage  into  the  bottom  of  the  cylinder.  This 
pipe  is  kept  closed  by  a  valve;  but  if  the  engine  descends 
■o  low  as  to  strike  on  the  spring  beam,  a  catch  pin  on  the 
beam  strikes  a  small  lever,  and  by  a  wire  of  communica- 
tion opens  the  valve,  and  lets  the  steam  into  the  lower 
part  of  the  cylinder  beneath  the  piston  and  thus  destroys 
the  vacuum,  so  as  to 
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prevent  the  farther  descent  of  the 
This  addilioui  it  will  be  underst  >od,  applied  only  to  the 
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■ingle  aciing  engine,  but  it  serves  to  show  that  the  objec- 
UoDs  which  wc  have  given  arising  from  momentum  are  not 
merely  theoretical. 

The  beautiful  addition  of  the  crank  to  the  steam  engine, 
although  the  means  of  extending  its  utility  tenfold,  has 
been  the  subject  of  much  objection.  Engineers  and  others 
pooBcaoing  considerable  claims  to  the  character  of  scienti  lie 
meoy  have  not  unfrequently  maintained  that  there  is  a 
considerable  loss  of  power  by  the  change  in  the  length  of 
the  lever  as  the  crank  revolves.  We  shall  endeavour  to 
ghow  the  error  into  which  such  persons  have  fallen 
,  The  principle  of  the  lever  is  eo  well  known,  that  it  is 
Itercely  necessary  to  explain  it :  lest,  however,  it  should 
Do(  present  itself  to  all  our  readers,  we  will  give  a  short 
deifcription.  **  In  all  levers,  the  universal  property  is, 
that  the  effect  of  either  the  weight  or  the  power,  to  turn 
the  lever  about  the  fulcrum,  is  directly  as  its  intensity  and 
its  distance  from  the  prop ;  whence  it  is  deduced,  that  if 
parallel  forces  acting  perpendicularly  upon  a  straight 
lever  keep  it  in  equilibrio,  they  will  be  to  each  other  reci- 
procallv,  as  the  distances  from  the  fulcrum  upon  which 
they  act.***  Thus,  supposing  a  bar  of  four  feet  in  length 
be  fixed  upon  a  fulcrum  exactly  in  the  middle,  and  an 
ounce  weight  be  suspended  at  each  end,  the  two  ends  will 
he  in  equilibrio,  because  the  force  of  gravitation  is  equal, 
neither  possessing  it  in  a  greater  degfee ;  but  if  the  ful- 
crum be  shifted  and  placed  three  feet  from  one  end,  then 
it  will  require  three  ounces  at  the  shorter  end,  to  balance 
one  ounce  at  the  other.  If  motion  be  given  to  the  shorter 
end  whilst  the  fulcrum  remains  the  same,  the  end  of  the 
longer  lever  will  traverse  three  times  the  space  of  the 
shorter. 

The  crank  of  a  steam  engine  is  a  lever  whose  fulcrum  ia 
at  a.  It  is  the  nature  of  the  crank  that  its  power  or 
leverage  varies  with  its  position.  Let  a  b  represent  the 
crank,  the  point  b  is  moved  by  the  connecting  rod,  and 
revolves  round  the  centre  a.     Supposing  the  resistance  be 
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equal  to  100  lbs.,  or  that  lOTUbs.  have  to  be  raised  3.1416 

feet  for  every  revolution  of  the  crank— it  is  evident  if  a 

force  or  wei«;ht  exceeding  100  lbs.  be  applied  at  /;,  whilst 

the  crank  is  horizontal,  it  will  be  Bufficient  to  raise  the 

weight.     But  when  the  point  b  has  descended  to  c,  the 

length  of  the  lever  being  described  by 

its  sine,  the  vertical    line  e  c,  drawn 

through  a  6,  shows  «  a  to  be  the  length 

of  the  lever,  which  is  only  one  half  of 

b  a.      It   would,  therefore,  require  a 

weight  double  of  the  former  to  continue 

the  motion.     And  if  the  crank  descend 

to/,  the  vertical  line,  df,  shows  d  a  io 

be  the  length  of  the  lever,  and  to  bo 

only  one  fourth  of  what  it  was  when 

horizontal.      When    it   reaches   g^    no 

power  on  earth  applied  through  the  medium  of  the  con- 

necting  rod,  would  continue  the  motion  further. 

To  equalise  this  irregularity,  and  in  some  degree  to 
compensate  for  this  great  variation,  the  cylinder  is  of  such 
dimensions  as  to  give  out  a  considerably  greater  power 
when  the  crank  is  horizontal  than  is  then  necessary.  This 
extra  power  is  employed  to  give  motion  to  the  fly  wheel, 
which  is  of  sufficient  dimensions  to  retain  the  impetus 
until  it  be  past  the  point  d,  when  the  steam  begins  to  act 
with  eOect  upon  the  lower  side  of  the  piston. 
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Let  a  represent  a  cylinder,  the  length  of  the  stroke  of 
the  piston  being  two  feet,  d  e  ia  the  crank,  the  length  of 
which  is  one  foot ;  6  c,  the  beam,  the  fulcrum  of  which  is 
exactly  in  the  middle.  If  the  piston  be  put  in  motion,  the 
extreme  end  of  the  crank  will  describe  a  semi-circle  of 
3.1416  feet.  Now,  let  us  suppose  that  a  drum  be  tixed 
upon  the  axle  e,  whose  circumference  is  four  feet,  equal 
lo  one  ascending  and  one  descending  stroke  of  the  piston. 
If  a  weight  be  suspended  by  a  rope  to  this  drum,  as  at  A, 
the  power  of  the  engine  at  that  point  will  exceed  the 
power  necessary  to  raise  the  weight  as  much  as  d  e  exceeds 
i«.  This  extra  power  is  communicated  to  the  fly  wheel, 
which  faithfully  gives  it  out  when  required.  When  the 
crank  has  descended  so  as  to  decrease  the  length  of  the 
lever,  that  it  is  shorter  than  t  e,  then  a  portion  of  the  extra 
power  in  the  Hy  wheel  is  absorbed  in  aiding  the  decreased 
leverage  of  the  crank.  And  although  the  power  gradually 
decreases,  yet  the  speed  of  (lie  piston  gradually  decreases 
abo;  so  that  if  the  power  of  the  crank  be  only  one  half  in 
a  certain  position,  yet  the  quantity  of  steam  used  is  only 
DOC  half,  and  thus  the  effect  of  no  part  of  the  steam  is 
waited,  the  effect  being  in  every  point  equal  to  the  steam 
expended.  It  is  true,  that  if  we  could  have  applied  the 
power  at  a  point  equidistant  from  the  centre  in  every  part 
of  the  revolution,  we  should  have  obtained  much  greater 
leverage,  but  then  the  expenditure  of  the  steam  would 
have  been  proportionably  greater. 

We  will  further  explain  this  theory  by  referring  to 
another  diagram,  g  d  represents  a  lever  like  the  crank  : 
g  being  the  axle,  a  b  are  ^ 
two  vessels  fitted  with  pis- 
tons, and  in  every  respect  re- 
sembling cylinders,  excepting 
that  they  are  curved  so  as  to      \  \  \  v  o 

describe  portions  of  circles 
fonned  from  the  point  g.  We 
will  suppose  that  the  pii^tun 
in  a  acts  upon  the  extremity  of  the  cranky  and  that  m  b  at 
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half  the  distance  from  the  centre.  The  vessels  are  of  the 
same  area,  so  that  if  steam  were  introduced  from  a  boiler, 
it  woul<l  pre^H  with  equal  force  upon  eacli  piston,  and 
consequently  the  rods  would  each  press  with  an  equal 
force  upon  the  points,  ed.  Now  it  would  he  maintained, 
that,  because  at  e  there  is  only  half  the  leverage,  therefore 
half  the  effect  of  the  steam  in  6  is  lost;  but  it  will  be 
found,  that  if  that  lever,  g  d,  be  moved  any  given  distance 
round  itH  centre,  that  the  piston,  ft,  only  moves  half  the 
distance  of  the  piston,  a  ;  and,  consequently,  the  areas 
being  equal,  and  the  distance  but  one  half,  only  half  the 
steam  is  expended.  Hence  it  is  clear,  ihat  the  consump- 
tion of  the  steam  in  every  point  of  the  lever  b  only  equal 
to  the  effect  produced. 

There  are  minor  objections  against  Watt's  engine, 
which,  nevertheless,  should  be  noticed.  One  is,  the  waste 
of  steam  at  the  reversion  of  the  motion  of  the  piston. 
First,  from  the  pipes  between  the  valve  and  the  cylinder. 
In  filling  the  cylinder  these  must  be  filled,  and  in  dis- 
charging, these  must  likewise  be  emptied;  so  that  thej 
are  tilled  and  emptied  at  each  change  of  the  motion.  But 
in  the  cylinder  every  particle  of  the  steam  produces  an 
effect;  whilst  here  the  steam  used  produces  no  effect,  and 
is  therefore  wasted.  Secondly,  from  the  changing  of  the 
valves  themselves  at  the  improper  time.  Indeed,  there  is 
no  time  at  which  they  can  be  changed  without  disadvan* 
iMge  by  loss  of  steam;  and  the  difficulty  of  determining  the 
precise  time  frequently  occasions  their  being  changed  at 
such  a  time  as  to  waste  more  steam  than  is  neccssaiy. 
The  unavoidable  waste  arises  from  the  change  of  the  valves 
being  a  work  of  lime,  whilst  the  reversion  of  the  stroke  is 
instantaneous:  therefore,  either  the  change  of  valves 
begins  too  soon,  and  admits  steam  into  the  vacuum  before 
the  stroke  be  completed,  or  ends  too  late,  and  admits  steam 
into  that  part  of  the  cylinder  when  a  vacuum  is  forming, 
thereby  preventing  its  formation,  or  otherwise  it  is  at- 
tended with  both  these  disadvantages. 

Another  disadvantage  is  the  unequal  form  into  which 
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the  cylinder  and  piston  rod  become  worn,  after  having 
been  some  yean  in  use.  This  arises  from  the  varied 
speed  at  which  they  travel,  and  to  their  not  passing  over 
all  parts  of  the  surface.  We  have  seen  in  use,  a  piston 
rod  and  cylinder  almost  as  much  out  of 
form  as  that  in  the  drawing.  The  form  of 
the  piston  rod  arises  from  the  parts  J,  2, 
and  3,  4,  being  only  partially  drawn 
through  the  stuffing  box,  consequently 
less  rubbed  than  the  middle,  which  is 
drawn  through  at  each  stroke.  The 
decreased  diameter  in  the  middle  of 
the  rod  arises  from  the  speed  being 
greater  there  than  at  other  parts,  (the 
cause  of  which  we  have  already  ex- 
plained,) and  creates  in  consequence  a 
greater  wear. 

The  irregular  wear  of  the  cylinder  is  produced  in  the 
tame  manner.  The  piston  is  not  drawn  through,  but 
merely  comes  in  contact,  or  is  partially  moved  through 
&,  6,  and  7, 8,  whilst  it  rapidly  passes  the  middle,  and  there- 
fore, in  that  part,  it  is  more  worn  than  at  any  other. 

The  last  inconvenience  we  shall  notice,  though  it  is  by 
no  means  the  least,  is,  that  the  Hy  wheel  is  the  constant 
and  indispensable  accompaniment  of  the  crank.  This  will 
appear  evident  from  what  we  have  already  stated. 

Independently  of  extra  cost,  extra  friction,  and  extra 
room,  it  becomes  necessary  to  have  two  engines  in  steam 
boats,  to  obtain  any  thing  like  a  regular  motion,  and  even 
this  is  far  from  being  regular.  In  steam  boats,  the  two  cranks 
are  fixed  upon  the  same  axle  as  that  on  which  the  paddles 
are  placed.  By  this  contrivance,  when  the  crank  of  one 
engine  is  passing  the  centre  and  has  no  power,  the  other  is 
at  its  greatest  power;  and,  thus  aiding  each  other,  some- 
thing like  an  equality  is  preserved.  But  this  is  irregular, 
aa  a  variation  still  takes  place  in  the  mean  length  of  the 
wo  levers. 

ar,  and  c  6,  represent  two  cranks,  the  axle   of  which 
isr.     a  c  is  now  passing  the  centre,  and  therefore  has  v"* 
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power ;  whilst  the  other,  c  6,  is  at 
its  d^reatest  power.  The  nieaii 
length  of  the  lever,  therefore,  is  at 
dyor  one  half  of  c  b  ;  but  when  the 
two  cranks  have  made  one  eighth 
of  a  revolution,  as  to  cf^  and  c  g^ 
then  the  line,/g,  shows  the  mean 
power  to  be  at  «;  having  varied 
from  c  d  to  c  «. — This  irreg^ularily 
being  unaided  by  a  fly  wheel,  may 

probably  account  for  the  vibration  which  we  feel  in  many 
steam  boats,  and  which  appears  to  proceed  from  8ome 
other  cauac  than  the  reciprocation  of  llic  partK.  It  should 
be  observed  that  the  impetus  of  the  boat  makes  the  paddles 
act  as  a  kind  of  fly  wheel ;  because,  if  they  were  suddenly 
di!»engaged  from  the  machinery,  they  would  continue  to 
revolve  of  themselves,  so  long  as  the  velocity  of  the  stream 
was  less  than  the  velocity  of  the  boat,  because  then  the 
stream  acts  like  a  current  driving  an  underbhot  wheel. 
So  long  as  the  vanes  continued  to  be  driven  against  the 
water,  so  long  would  the  motion  of  the  wheels  be  con- 
tinued in  the  same  direction  as  that  given  by  the  ma- 
chinery; therefore,  we  say,  that  they  are  fly  wheels  of  a 
peculiar  kind ;  but  still,  as  the  speed  would  immediately 
decrease  as  they  were  disengaged  from  the  machinery, 
from  the  yielding  nature  of  the  medium  through  which 
they  pass,  so  also  would  they  vary  in  velocity,  as  the  mean 
power  of  the  crank  increases  or  diminishes. 

It  will  be  readily  conceived  that  these  disadvantages 
must  have  exercised  the  talent  of  many  ingenious  men. 
All  have  agreed  that  the  remedy  might  be  found  in  a  cir- 
cular or  rotatory  motion,  obtained  from  the  steam  itself, 
without  the  aid  of  the  beam,  crank,  or  piston  rod.  If  this 
could  be  effectually  done,  it  would  do  away  with  almost 
every  defect  of  which  we  have  spoken.  Reciprocation 
would  be  removed,  as  well  as  irregularity  in  the  power  of 
(he  lever;  and,  as  for  friction,  that  of  the  beam  and 
a^'pcndages  would,  at  all  events,  be  destroyed  :  but  it  Las 
L.'on  found  that,  hitherto,  notwithstanding  the  advantages 
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Altendanl  on  this  kind  of  eng;ine,  inconveniences  and  difli- 
cultie«  have  been  found,  peculiar  to  each  varied  form,  or 
LCommon  to  all,  that  have  precluded  its  adoption,  in  pre- 
'ference  to  the  reciprocating  engine.  The  defect  in  many 
of  them  has  been  excessive  friction,  and,  in  nearly  all,  the 
difTiculty  of  maintaining  the  packing  steaiu  tight:  this  is 
OS  much  as  we  can  say  as  to  the  general  objection.  We 
lall  direct  the  attention  of  the  reader  to  several  of  the 
|)>c«t  rotatory  engines,  and  endeavour  separately  to  shew 
Ihe  causes  of  failure. 

The  shrewd  and  investigating  roind  of  Mr.  Watt  seems 
to  have  directed  itself,  in  (he  very  outset  of  his  career,  to 
Ihe  desirableness  of  such  an  engine  :  for  we  6nd,  in  his 
patent  of  17(i0,  (the  speciBcation  of  which  we  have  exa- 
, mined,)  that  a  rotative  engine  ia  one  of  the  inventions 
included  therein,  and  seems  to  claim  precedence  in  hi.-! 
judgment  (if  we  may  judge  by  the  order  in  which  they 
jitand)  to  the  use  of  hemp  and  oil  in  packing,  instead  of 
'ater  as  in  the  old  engines.  We  will  extract  that  part  of 
the  specification  verbatim  :^ 

**  Where  motions  round  an  axis  are  required,  I  make 
the  steam  vessels  in  form  of  hollow  rings,  or  circular  chan- 
:1s,  with  proper  inlets  and  outlets  for  the  steam,  mounted 
Ion  horizontal  axles  like  the  wheels  of  a  water  mill. 
Within  them  are  placed  a  number  of  valves,  that  suflTer 
any  body  to  go  round  the  channel  in  one  direction  only  : 
in  these  steam  vessels  are  placed  weights,  so  fitted  to  them, 
as  entirely  to  fill  up  a  part  or  portion  of  their  channels, 
jet  rendered  capable  of  moving  freely  in  them,  by  the 
hereinafter  mentioned  or  specified.  When  the 
in  is  admitted  in  these  engines,  between  these  weights 
and  the  valves,  it  acts  equally  on  both,  so  as  to  raise  the 
weight  to  one  side  of  the  wheel,  and  by  the  re-action  on  the 
iralves  successively,  to  give  a  circular  motion  to  the  wheel; 
the  valves  opening  in  Ihe  direction  in  which  the  weights 
are  pressed,  but  not  on  the  contrary.  As  the  steam  vessel 
move^  round,  it  is  supplied  with  steam  from  the  boiler, 
and  that  which  has  performed  its  office  may  either  be  dis- 
charged by  means  of  condensers,  or  into  the  open  air." 
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There  in  a  greot  deni  of  confusion  and  ambiguity  in  this 
pnil  of  the  specification,  as,  indeed,  there  is  throughout 
the  wliole;  su  much  so,  that  we  are  surprised  ihut  the  patent 
was  ever  ijiistaiiied, since  it  is  required  that  all  npecilicBlions 
should  be  ho  clear,  *^  that  a  person  of  moderate  capacity, 
havinga  little  knowledge  of  the  science  which  led  to  the  in- 
vention, can  immediately  see  the  method  pointed  out,  and 
easily  apprehend  the  purport  for  which  the  subject  was 
invented,  wi/Aofi/  studijj  without  any  invention  of  his  own, 
and  without  experinicnls/**  No  drawiiig;s  are  ^iven  of 
any  one  of  the  six  inventions  included  in  this  patent,  and 
the  reader  may  judge  by  thi^  specimen  whether  any  one 
can  comprehend  it  without  study.  Alter  much  ^tudy  we 
have  been  able  to  come  at  the  meaning;  of  the  patentee,  by 
supplying  the  form  of  the  valves,  and,  indeed,  most  of  the 
principal  parts,  and  in  that  form  we  submit  it  to  our 
'readem  as  the  First  Rotary  Entjine. 


(  Watt*s  First  Rotary  Engine,     I7C90 


•  OodaOB  «u  Patciitft,  |».  100. 
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Id  explaining  lis  principle,  we  shall  repeat  ihe  worda  of 
(be  spticificution,  making  such  alleralions  in  the  language 
AH  may  make  it  understood. 

"Where  mutions  round  an  axis  are  required,  I  make 
the  Ueam  veaaels  in  the  form  of  hollow  rings,  or  circular 
channels,  with  proper  inlets  and  outlets  for  the  steam,*' 
(a»at  a  and  by)  "  mounted  on  horizontal  axles,"  (r,)  "like 
the  wheels  of  a  water  mill.  Within  the  circular  channel 
(i/iM)  **  are  placed  a  number  of  valves'' (ceee)  'Mhat 
ftuBer  any  body  to  go  round  the  channel  in  one  direction 
only ;  in  each  steam  vessel  is  placed  a  weight,*'  (/),  ^^  so 
fitted  to  it,'*  (by  packing  at  g^)  ^*-  as  entirely  to  fill  up  a 
part  or  portion  of  its  channel;  yet  rendered  capable  of 
moving  freely  in  it  by  means  hereinafter  mentioned. 
When  the  steam  is  admitted  between  the  weight  and 
valves,  it  acts  equally  on  both,  so  as  to  raise  the  weight 
to  one  Ride  of  the  wheel;  and  by  the  re-action  on  the 
Tilvca  successively,  to  give  a  circular  motion  to  the  wheel, 
the  valves  opening  in  the  direction  in  which  the  weights 
are  pressed.  As  the  steam  vessel  moves  round,  it  is  sup- 
plied with  steam  from  the  boiler,  and  that  which  has 
pcrfuniied  its  oHice  may  either  be  discharged,  by  means  of 
condensers,  or  into  the  open  air.*' 

•       Now  that  we  have  made  the  language  a  little  clearer, 
we  Khali  proceed  to  describe  such  a  machine  as  we  imagine 
the  inveittor  had  in  his  mind;  informing  our  readers  that 
the  hollow  arms,  form  of  the  valves,  manner  of  admitting 
Ibe  steam  and  allowing  it  to  escape,  are  added  as  the  best 
means  we  can  devise  to  answer  the  proposed  end ;  but  we 
are  not  aware  how  they  were  really  formed,  nor  whether  at 
I       the  time  the  specification  was  drawn  up,  the  inventor  had 
■   my  decisive  plans  in  view;  or,   that  he  (like  too  many 
^UM«ntees)   trusted  to  the   resources  of  his  own   mind  to 
^Vl^ply  them  when  he  proceeded  on  the  experiment. 

ddd  is  the  circular  channel,  bolted  together  in  sec- 
uients,  in  which  the  weight,  made  of  cast-iron  or  lead,/, 
can  move  freely.  The  weight  is  packed  with  iH-mp  at  y, 
Mtiiat  that  part  to  fit  so  tight  in  the  channel,  ns  to  pre- 
vent the  steam    from   escaping   past    it.      iiii  are   four 
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hollow  arms,  communicatini;  wi(h  the  lioUovr  riiiij,  and 
with  a  cylinder  or  bush ^7,  into  which  is  lieti-d  11  rirciilsr 
plate  of  metal  *,  having  two  cavities  a  ft,  in  the  flttuiition 
shown  in  the  drawing,  k  is  covered  with  another  pinto, 
to  which  it  lA  accurately  fitted;  to  this  outer  plate  is 
attached  the  eduction  pipe,  which  communicntea  with  a, 
and  the  induction  pipe,  which  communicates  with  ft;  the 
plate  ky  and  its  covering,  remain  stationary,  whilst  the 
1^'hcel  revolves,  and  the  open  end  of  the  arms  iHiy  sac- 
ccssively  pass  over  the  open  npace^i  a  6,  and  admit  the 
steam,  or  suflTor  it  to  escape,  as  we  shall  now  explain. 

The  steam  being  admitted  from  the  boiler,  rushes 
through  the  arm  1  3,  into  the  channel,  and,  i^hutting  the 
valve  e  1,  or  finding  it  already  shut,  forces  up  the  weight 
[/y/into  one  side  of  the  wheel,  (as  shown  in  the  drawing); 
this  causes  that  side  to  preponderate,  and  in  endeavouring 
to  regain  its  former  position  makes  the  wheel  to  revolve. 
But,  in  the  mean  time,  a  supply  of  steam  is  kept  up  fVom 
the  boiler,  which  preserves  the  weight  in  its  present  posi* 
tion,  driviitg  the  wheel  round  in  the  opposite  direction, 
whilst  the  valve  e  2,  having  passed  the  situation  it  is  now 
in,  IS  shut  by  the  lever  ?,  striking  the  tappet  m,  and  re- 
ceives the  force  of  the  steam,  previously  upon  e  1.  When 
the  wheel  has  revolved  a  little  farther,  the  arm  iS  com- 
municates with  the  eduction  passage,  and  allows  the 
steam  to  escape  which  was  between  the  valves  e  1  and  e  2. 
Immediately  after,  the  valve  e  1  strikes  against  the  friction 
roller  A,  and  is  by  it  forced  into  the  recess,  ansumlhg  the 
position  of  e  4.  At  the  same  time  the  valve  e3  has  goi 
clear  from  the  weight,  and  falls,  by  its  own  gravity,  into 
the  position  of  e2,  after  which  it  is  shut  by  the  tappet  m, 
in  the  way  already  explained.  Thus  the  valves  succes* 
sively  receive  the  action  of  the  steam,  and  the  weight 
being  preserved  in  its  elevated  position,  the  wheel  ct>n- 
tinues  to  revolve- 

Such  was  the  plan  designed  b»  the  first  rotatory  engine. 
It  is  because  it  was  the  first,  and  because  it  was  the  invcQ- 
lion  of  Watt,  that  we  place  it  here.  In  itself  it  pow 
few  clairrs  to  our  attention.     If  such  a  machine  could 
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ever  }>e  made,  (which  is  doubtful,)  the  excessive  friction 
of  the  weight  moving  in  the  channel  would  exceed  that  of 
the  comnioii  engine  tenfold.  But  the  worst  fault  would 
be,  that  the  packing  could  not  be  preserved  steam  tight 
for  any  length  of  time :  for  hempen  packing,  it  is  well 
known,  cannot  pass  over  in  its  course  any  cavity,  or 
irreipilarity  of  surface,  without  being  soon  torn  out,  and 
rendered  incapable  of  performing  its  office.  It  would  also 
be  required  that  the  interior  of  the  channel  eihould  be 
accurately  turned,  which  might  be  effected  in  small 
engines  by  turning  a  section  of  tlie  wheel  at  once,  (such  us 
our  drawing  represents,)  and  afterwards  bolting  two  of 
«ucb  sections  together;  but  in  large  diameters,  such  as 
would  be  absolutely  necessary  for  large  powers,  the 
vibration  would  render  their  being  turned  an  absolute 
impossibility. 

We  cannot  learn  whether  Watt  ever  proceeded  on  the 
experiment.  lie  himself  slates  that — "  a  steam  wheel, 
moved  by  force  of  steam  acting  in  a  circular  channel, 
against  a  valve  on  one  side,  and  against  a  column  of  mer- 
cury, or  other  fluid  metal,  on  the  other  side,  was  executed 
At  Soho,  upon  a  scale  of  six  feet,  and  tried  repeatedly,  but 
w«g  given  up  as  several  objections  were  found  against  it." 
From  this  we  may  conclude  that  the  patented  machine  had 
probably  been  tried  and  abandoned,  on  the  ground  of  ex- 
ensivc  friction. 

We  have  likewise  some  information  on  the  subject  of 
Mr.  Walt's  experiments  on  rotative  engines,  by  Mr. 
Farey,  (in  his  article  "  Steam  Engine,"  which  is  to  be 
found  in  Rees's  Cyclopedia,)  who  says,  *' One  of  his  first 
trials  was  uncommonly  ingenious;  it  consisted  of  a  drum 
turning  air-tight  within  another,  with  cavities  so  disposed 
that  there  was  a  constant  and  great  pressure  itrging  it  in 
fme  direction ;  but  no  packing  of  the  common  hind  could 
preserve  it  air-tight  with  sufBcieiit  freedom  of  motion. 
He  succeeded  by  immersing  it  in  mercury,  or  in  an  amal- 
gam, which  remained  fluid  at  the  beat  of  boiling  water  ; 
hot  the  continual  action  of  the  heat  and  steam,  together 
with  the  friction,  soon  oxydatcd  the  fluid,  and  rendered  it 
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useless,  lie  then  tried  Parent  or  Bnrkcr*it  Mi]l,oncK>xia|| 
the  nrms  in  a  mvtal  drum,  mIiicIi  ^-us  immersed  in  cold 
walor.  The  steam  ru>hed  raptdly  along  the  pipu  which 
una  the  axin,  and  it  was  hoped  that  a  great  re-action 
^niild  have  been  exerted  at  the  end  of  the  arin9y  but  it 
wa!j  alincMt  nothing.  It  mus  then  tried  in  a  drum  kept 
boilini^  hot,  but  the  impulse  was  very  small  in  comparison 
with  the  expense  of  the  steam/* 

The  former  part  of  thi-»  extract  h  about  as  obscure  as 
the  specitication  which  we  ha%'e  just  noticed.  We  should 
certainly  have  expected,  ffom  a  man  of  Mr,  Farcy *m  expe- 
rience,  a  i^omewhat  clearer  account  of  any  experiment 
than  that  with  which  we  arc  furnished  ;  for,  to  sny  there 
^'  was  a  machine  with  cavities  so  disposed  that  there  was  a 
constant  and  great  pressure  urg:ing  it  in  one  direction,** 
conveys  no  further  idea  than  that  a  motion  was  xomekow 
obtained,  but  how,  it  is  utterly  impoHsible  to  know.  The 
nmount  of  this  extract  is,  thai  Mr.  Walt  tried  a  great 
number  of  experiments,  in  order  to  obtain  a  rotatory  en* 
gine,  and  that  in  these  experiments  he  failed.  The  infor- 
mation we  gather  from  Mr.  Farey  might  have  been  said  in 
(|9  few  words. 

The  second  patent  of  1782  (for  there  were  two  patents 
of  that  year,  one  in  February  and  the  other  in  July) 
describes  a  rotatory,  and  semi-rotatory,  or  reciprocating 
rotatory  engine.  To  the  rotBtory  engine  we  shall  first 
direct  the  attention  of  the  read'T. 

c  r  in  the  following  figure  is  a  cylinder  of  any  given 
dimensions,  say  a  foot  deep,  and  three  feet  diameter,  a  is 
an  axle,  pasi^ing  through  stuHing  boxes  in  each  lid  or  end 
of  tlie  cylinder,  b  is  the  piston,  packed  at  the  ends,  which 
rulH  against  the  c>linder,  and  at  the  Hides  which  rub 
against  the  lids,  which  are  previously  turned  ;  the  form  of 
this  piston,  therefore,  is  square,  packed  on  three  sides,  and 
fixed  to  the  axle  a  on  the  fourth,  e  is  a  valve  or  flap, 
which  turns  upon  a  joint  or  pivot/:  the  concave  side  is  a 
segment  of  a  circle  of  the  same  radius  with  the  cylinder. 
It  extends  the  whole  length  of  the  cylinder,  is  packed  on 
its  sides,  and  when  shut  back  into  the  cavity  i/,  becomes, 
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were,  a  part  of  ihe  cylinder,  completing  the  circle, 
which  is  imperfecl  when  ihe  valve  is  in  its  present  situa- 
tion, g  is  the  pipe  fur  admitting  the  steam  from  the 
boiler,  and  h  the  pipe  fur  allowing  it  to  escape  into  the 
coodeni^r. 


a 
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being  admitted  from  the  boiler  through  g  preflses 
pqaally  upon  e  and  fr,  but  e  being  stopped  against  the 
aile,  the  piston  b  recedes  from  the  pressure,  and  turns  the 
txle  a  and  a  heavy  fly  wheel  round  with  it.  The  piston 
cotilinaes  in  motion  until  it  comes  in  contact  with  the 
lower  side  of  the  valve  €,  where  it  would  stop,  but  for  the 
inpetus  of  the  fly  wheel,  which  urges  it  forward,  and  it 
strikes  Ihe  valve  e  into  the  recess  cf,  and  moves  round  until 
it  pawesi  g^  when  the  valve,  either  by  a  lover  or  by  its  own 
gravity,  resumes  its  present  situation,  and  the  piston 
receives  the  action  of  the  steam  as  before. 

This  plan,  we  are  informed,  was  never  carried  into  exe- 
cution, and   we   must,   therefore,   as  in    other    instances, 

ndeavnur  to  trace  the  objections  from  subsequent  expe- 
rience;   but   there  have  been  so  many  schemes  closely 
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re»cmblin^  thin,  that  these  arc  easily  ascertained.  The 
principal  objection  appeani  to  be  that  it  would  be  liable 
to  doran^rnient,  ils  the  violence  with  which  the  valve 
would  be  alternately  driven  into  the  recess,  and  upon  the  j 
axle,  would  speedily  shake  the  machine  to  pieces  ;  bcmideef 
which,  it  would  be  impossible  for  the  packing  used  in  the 
reciprocating  engine  to  pass  over  the  pipes  A  ^,  without 
being  torn  up  and  rendered  useless.  A  great  waste  of 
Kteain  must  likewise  tuke  place  whilst  the  piston  is  passin;^ 
over  the  surface  of  the  vulvc  :  for  at  that  time  the  steam 
pipe  g  has  a  free  communication  with  the  eduction  pipe  A; 
and  every  one  acquainted  with  the  subtle  nature  of  steam 
must  be  aware  that  a^  much  steam  would  thereby  escape, 
without  producing  any  effect,  as  would  have  been  suffi- 
cient to  work  an  engine  free  from  that  defect.  This  lost 
objection  might  be  obviated  by  shutting  off*  the  steam 
during  that  part  of  the  revolution;  but  the  specification 
proposes  no  such  method,  and  we  are  not  authorised  to 
make  any  gratuitous  addition. 

The  semi-rotative  engine  next  comes  under  our  notice. 
d  d  in  the  fallowing  figure  exhibits  the  interior  of  the 
cylinder,  which  is  similar  to  the  last.  It  is  likewise  fitted 
with  a  piston  A,  packed  in  the  same  manner,  c  is  a  projec- 
tion of  metal  extending  from  the  circumference  to  the  axle 
a.  Packing  is  introduced  between  this  prnjediou  and  the 
axlcp  so  as  to  prevent  the  Meam  from  escaping  liotween 
Iheui.  ef  arc  two  valves  which  admit  steam  from  the 
hteam  pipe  g  into  the  c)  tinder  on  each  side  of  c  alternately. 
o/iirv  luo  valves  for  changing  the  direction  of  the  ateaa  : 
ij  are  two  valves  acliiii;  in  conjunction  with  ef,  so  as  to 
open  or  shut  off  u  communication  with  the  condensers  /^, 
through  the  pipe  h  at  the  pro)H>r  time.  Xjevera  are 
«Uached  to  the  rods  by  which  these  valvee  are  worked, 
fhiwai  tnppcts  on  the  pump  rods  r  //. 

Htettm  is  admitted  from  the  boiler  through  the  pipe  9 
LJtlo  the  steam  chest,  and  6t)diiig  the  vulve/open,  rushes 
up  the  pipe,  and  so  into  the  cylinder  between  the  pijiton 
and  Mtop  c.  The  piston,  receding  from  the  pressure,  drives 
the  air  in  the  cylinder  through  the  other  pipe,  and  down 
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through  the  valve  j,  into  the  condenser,  whence  it  escapes 
by  the  pump  A  It  continues  revolving'^  until  it  comes  in 
contact  with  the  other  side  ofc,  when  it  is  stopped ;  but, 
previously  to  this,  the  valves/andj  have  been  shut  by  their 
roapcctive  levers,  whilst  c  and  i  have  been  opened.  The 
iCeftU  has  now  access  through  €  to  the  other  side  of  the 
pbloii,  and  turns  it  in  the  contrary  direction ;  the  steam 
which  last  performed  itsoflice  escaping  down  through  t  to 
the  condenser.  The  first  operation  is  then  repeated,  rc- 
wwing  the  motion  of  the  piston  as  soon  as,  or  before,  it 
COOMS  in  contact  with  the  other  side  of  6.  n  m  arc  two 
loolhed  wheels  attached  to  the  axle  a,  which  work,  (as 
•bown)  by  racks,  the  pump  rods  o  p^  and  the  smaller  pump 
rods  g  r.  The  former  o  p  are  supposed  to  draw  water  from 
»  nine,  bat  the  smaller  ones  only  work  the  condensing 
pumps  k  L 


{WaWs  Senn-rotative  I'Aigine,     1782.) 

This  is  really  a  clever  machine.  It  was  never,  we 
andorslond,  carried  into  execution,  but  why,  we  can 
•cnrcrlv  (ell.     It  would  hardly  be  an  objection  that  the 
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piston  would  Strike  against  the  Atop  r,  and  thereby  uhake 
itself  to  pieces :  for  here,  as  an  equable  motion  is  not  rc« 
quired  like  a  rotatory  engine,  the  speed  might  (U8  in  all 
pumping  engines  which  were  liable  to  the  same  objection) 
be  gradually  retarded,  so  that  the  impetus  would  be 
destroyed  before  it  came  in  contact  uilh  the  stop.  Perhaps 
the  most  solid  objection  would  be,  that  of  the  packing 
requiring  more  care  than  a  common  workman,  such  M 
generally  attends  to  steam  engines,  would  be  able  or 
willing  to  bestow  ;  but  if  thiii  were  found  a  conquerable 
objection,  we  can  scarcely  conceive  a  reason  why  it  should 
not  hove  had  a  fair  trial.  It  would  have  been  extremely 
portable  and  cheap,  would  have  occupied  very  little  room, 
and  the  friction  would  huvc  been  comparatively  trilling. 

We  now  close  our  descriptions  of  Mr.  Watt's  inven- 
tions by  giving  a  short  account  of  a  Rotatory  Engine, 
included  in  his  patent  of  1784. 

(FIG.  1.)  (FIG.  2.) 


(Watrs  Rctatortj  Engine.     1784.) 

Fig.  1.  is  a  ground  plan,  and  fig.  2.  a  vertical  section- 

a  a  is  an  external  cylinder,  or  reservoir,  filled  with  heated 

water,  quicksilver,  or  an  amalgam  which  would  become 
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fluid  at  the  boiling  point,     b  b  Is  nn  interior  cylinder  in 
the  middle  of  a  a,  and  tiM*ninf>;  upon  a  pivot  o.     A  parti- 
lion,  c,  reacbeid  from  top  to  bottom,  dividing  the  vessel 
into  two  equal  parts,    de  are  two  valves,  allowing  the 
liquid  to  ascend  and  fill  the  interior  of  b  6,  but  preventing 
its  egress  in  that  direction,    fg  are  two  tubeji,  or  uper- 
lares,  for  guiding  the  escape  of  the  liquid  in  the  direction 
of  the  arrow,    j  is  the  pipe  for  the  admission,  snidk  for  the 
exit  of  the  steam.     The  steam  being  introduced  from  the 
boiler  through  j,  enters  the  cavity  /,  and  passes  on  the 
surface  of  the  water,  driving  open  the  valve  i,  (fig.  1.)  and 
issuing  through  g*,   in  the  direction  of  the  arrow,  thus 
pressing  upon  the  body  of  the  liquid  in  the  reservoir,  and 
producing  a  re-action,  which  drives  the   internal   vessel 
round.     When  it  has  performed  nearly  half  a  revolution, 
the  cavity  n  comes  under  the  steam  passage.     This  will  be 
understood  better  hy  fig.  3:  p  p  is  a  hoop  encircling  the 
upper  part,  or  neck,  of  the  vessel  6  6;  /  is  a  hole  in  the 
side  of  the  vessel  communicating   with   one   side  of  the 
vessel,  and  n  a  similar  hole  communicating  with  the  other. 
It  will   be  >een  that,  at  present,  the  hole  /communicates 
nithy,  and  the  hole  n  with  ky  hut,  by  turning  the  vessel 
half-way  round,  their  situations  will  be  reversed;  /  com- 
municating with  k,  and  j  with  n,  so  that  each  side  is 
luccessively  exposed  to  the  action  of  the  steam  and  to  the 
condenser.    By  this  means,  therefore,  the  hole  n  is  next  in 
communication  with  the  steam  pipe  7,  and  the  valve  d 
being  shut  by  the  steam  pressing  on  the  surface  of  the 
liquid ;  the  valve  f  is  opened  by  the  same  means,  so  that 
the  liquid  is  forced  with  violence  through  ^^  in  the  same 
manner  as  it  was  previously  forced  through  g.     Whilst 
this  operation  is  going  on,  a  vacuum  is  formed  in  the  first 
vessel  (by  /communicating  with  the  condenser),  so  that  it 
Wcomes  charged,  and  ready  in   its  turn  to  receive  the 
action  of  the  steam.     When  it  docs,  the  first  operation  is 
repeated,  and  a  rotatory  motion  is  kept  up  by  the  alter- 
nate action  of  the  liquid  driving  throu^^h  the  cav'ittesj'gj 
in  nearly  the  same  manner  as  the  motion  is  produced  in 
the  well-known  machine  commoiilv  calltut  Harkcr's  Mill, 
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dilFcrlng  only  thus  : — (hat  the  water  from  tho  latter  acte 
ftguinst  the  air,  whilst  this  acts  upon  the  fluid  in  which 
thit«  is  immersed.  The  niotiuu  is  carried  through  the  top 
of  the  reservoir  a  to  a  siulling  box  q  (not  sihoHu),  and  at- 
tached to  the  machinery. 

It  appears  this  machine  was  tried,  and  found  to  hmve 
little  or  no  power,  which,  of  course,  wad  the  reason  uf  ils 
abandonment.  The  cause  of  its  trilling  effect  arises  from 
the  force  of  the  escaping  liquid  acting  upon  a.  medtiiHi 
which  affords  no  solid  resistance,  and  is  therefore  incapa- 
ble of  producing  any  powerful  rc*action  in  the  machine. 

We  have  always  entertained  un  opinion  that  Mr.  Watt'c 
object  in  the  drawing  up  of  his  specificutions  was  to  be  ofl 
obscure  as  possible.  In  this  opinion  we  are  not  solitary; 
as  a  proof  of  which,  we  make  the  following  extracts  from* 
letter  addressed  to  Sir  J.  Eyre,  then  Lord  Chief  Justice 
of  (be  Common  Pleas,  by  Mr.  J.  Bramab,  dated  1797. 

Speaking  of  Mr.  Walt's  first  specification,  on  which  we 
have  already  remarked,  Mr.  Bramah  says,  "  In  considering 
the  part  arranged  first  in  this  speci6cation,  1  cannot  ob* 
serve  the  wordij  (here  used  create  in  the  mind  of  the  reader 
any  new  idea  respecting  the  construction,  proportion,  or 
cflice  of  that  part  of  an  engine  properly  called  the  steam 
cylinder.  The  inquirer  is  left  wholly  uninformed  whether 
the  intended  cylinder,  or  steam  vessel,  is  to  be  loft  open  at 
top,  and  shut  at  bottom,  or  shut  at  top,  and  open  at  bot- 
tom, or  whether  both  its  ends  are  to  be  alike  shut ;  nor  a 
he  directed  in  what  manner  the  steam  is  (o  be  admitted 
into  the  cylinder,  or  in  what  manner  discharged:  there 
being  no  mention  how^  and  in  what  part  of  the  cylinder, 
the  necessary  inlets  ond  outlets  arc  to  be  contrived,  not- 
withstanding the  essence  of  every  engine  depends  thereon. 
There  is  likewise  no  mention  made  of  (he  form  and  action 
of  the  piston,  or  the  method  of  connecting  it  with  the 
external  and  working  parts  of  the  machine,  or  whctlicr 
the  expansive  force  of  the  steam  is  exerted  on  (he  upper 
or  under  side  of  the  said  piston,  or  even  whether  there 
a  piston  employed  at  all. 

"This  part  of  the  specification  appears  calculated  to 
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mislead  and  perplex ;  and  I  am  fully  persuaded,  were 
ihene  imperfecl  directions  given  to  any  workman,  even  of 
iIk"  most  eminent  knowledge  in  the  art  of  building  engines, 
ibey  would  tend  directly  to  frustrate  every  regular  step 
aecesBary  to  be  taken  in  the  progress  of  such  a  work. 

"Had  there  been  a  shadow  of  a  guide  introduced  into 
this  mysterious  composition,  an  ingenious  mind  might  have 
accidentally  stumbled  on  tlie  inventor*9  mark  ;  but  it  is  so 
much  the  contrary,  that  every  adventurer  is  constrained  to 
explore  a  way  for  himself,  and  to  wrap  his  cylinder  in  any 
warm  covering  his  powers  of  judgment  may  suggest :  and 
il  is  my  firm  opinion,  that  were  engine  builders  in  general 
lefl  to  puzzle  out  this  single  circumstance,  ninety-nine 
out  of  every  hundred  would  attempt  a  different  method  of 
accomplishing  the  inventor's  intention  ;  and  I  am  likewise 
u  fully  convinced,  that  a  like  proportion  would  dually 
nuB  their  aim,  in  spite  of  repeated  efforts. 

*^  The  first  thing  which  attracted  my  attention,  when 
ioEpecting  an  t^ngine  built  by  Mr.  Watt,  was  the  steam 
cjlinder,  which  1  observed  shut  at  both  ends,  contrary  to 
tbat  of  Newcomen,  which  is  always  open  at  the  upper  end, 
whereby  the  atmosphere  acta  upon  the  upper  surface  of 
the  piston,  both  in  its  ascent  and  descent. 

^  A  slight  pause  on  this  circumstance  soon  presented  to 
my  view  a  total  contradiction  to  the  article  in  Mr.  Watt's 
specification,  denominated /oi/rfA/y,  where  he  asserts  that 
'He  intends,  in  many  cases,  to  employ  the  expansive  force 
'of  steam  to  press  on  the  pistons,  or  whatever  may  be  used 
*  instead  of  them,  in  the  same  manner  an  the  pressure  of  tlie 
^atmosphere  is  now  employed  in  common Jire-ejajines,^ 

"  On  reading  this  paragraph,  every  person  acquainted 
with  Newcomen  will  naturally  ask, — How  can  the  expan- 
(ive  force  of  steam  be  applied  to  press  down  the  piston  in 
ihe  manner  it  is  now  performed  by  the  atmosphere,  which 
requires  the  top  of  the  cylinder  to  be  kept  open  ?  For,  sup- 
pwe  steam  to  be  poured  on  to  the  top  of  it  instead  of  air, 
*here   is  there  any  footing  or  abutment  for  the  re-adion 

of  this  expansive  element  ?     1  clearly  perceive,  says  the 

iuquircr,  that  the  air  performs  this  office  by  its  gravitating 
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powefi  which  requires  no  batment.  But  how  can  any 
expansive  force  be  pinplnyrd  n-itluiiit  it ;  since  it  ia  a  law 
of  nature  that  no  force  of  this  kind  can  ho  exerted  without 
beinp  first  prevented  from  expanding  on  the  contrary  ;  or, 
at  any  rate,  without  having  a  rcfli^tnncc  in  all  direclionfl, 
equal  at  least  to  the  force  of  action  required  ? 

^'  These  reflections^  1  conceive,  would  induce  a  conclu- 
sion, that  the  man  who  proposed  such  a  thing  must  be 
either  a  fool  or  a  madman.     But  to  return — 

"On  considering  the  strange  difference  1  saw  in  ihm 
machine  from  that  of  Nowcomen,  I  concluded  in  my  owa 
mind  the  following  to  In?  the  real  invention  of  Mr.  Watt 
in  the  cylinder  part  of  the  engine.  First, —  lie  ban  com- 
pletely inverted  the  order  of  Newcomen,  by  turning  the 
cylinder  upside  down.  Secondly, — By  making  the  proper 
inleta  anil  outlets  for  the  steam,  at  the  upper  instead  o^ 
the  lower  end  of  the  cylinder.  Thirdly,— The  valve* 
used  in  these  inlets  and  outlets,  for  the  purpose  of  admit- 
ting and  iFihntting  ofl'  the  steam,  and  for  retaining  it  in  the 
cylinder  and  dincharging  it,  the  manner  of  giving  motion 
to  them  from  without,  are  very  peculiarly  and  curiou»«ly 
contrived,  and  totally  different  from  any  article  over 
applied  in  Newcomen's  Engines  for  the  same  purposes; 
and  these  valves,  Sic.  I  observe,  are  made  always  of  brass, 
or  a  mixture  of  copper  and  brass ;  and  I  cannot  see  ol 
what  other  metal  such  very  essential  parts  could  be  made* 
as  iron  would  soon  rust,  and  in  a  few  weeks  lose  the  per* 
fection  requisite  to  keep  them  air  and  steam-tight. 
Fourthly, — 1  cast  my  eye  on  a  single  part  of  the  engine, 
and  which  part  not  being  properly  accomplished,  would 
render  finally  abortive  all  the  etTorts  it  is  possible  to  make 
in  giving  motion  and  power  to  the  machine. 

"  This,  my  lord,  is  the  mean  adopted  for  giving  motion 
to  the  external  mechanism  of  the  engine,  by  connecting  it 
with  the  piston,  which  is  here  close  shut  up  in  the  internal 
part  of  the  cylinder  ;  and,  as  I  have  already  observed,  the 
cylinder  is  placed  with  its  bottom  upwards,  compared  with 
Newcomen**,  this  connexion  between  the  internal  and 
external    motion    roust    of   necessity    be    communicated 
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through  the  bottom,  Khich  now  becomes  the  top  of  the 
cylinder.  As  the  entire  effect  of  the  engine  depends  on 
B^fcertaining  a  method  of  doing  this  completely,  and 
teeming  to  form  a  most  materia!  part  of  the  whole  inven- 
tion, I  will  be  more  particular  in  describing  it  to  your 
lordship,  and  begin  by  stating  how  this  was  performed  by 
Newconien. 

"  In  all  Newcomen's  engines,  where  the  top  of  the 
cylinder  was  entirely  open,  the  piston  was  connected  with 
the  working  beam  by  a  single  or  double  iron  chain  ;  in 
MM  cases  double  at  the  upper  end  next  the  beam,  and 
I  he  lower  end  commonly  formed  a  junction  with  the  pis- 
loo  by  an  intermediate  strong  bar  of  iron,  in  some  cases  a 
strong  rod  of  wood  shod  with  iron.  By  this  means,  the 
force  the  piston  received  from  the  pressure  of  the  atmo- 
sphere was  communicated  to  the  beam  above,  and  that  in 
a.«  rough  a  manner  as  the  workmen  pleased  to  make  it; 
the  smoothness  and  truth  of  workmanship  being  unneces- 
nry  in  this  case. 

"  But,  only  behold,  my  lord,  the  difference  required  in 
Watt's  engines  in  this  one  particular! 

•*  The  above  two  motions  are  to  be  connected  by  means 
ofa  rod  or  other  contrivances,  (for  a  chain,  &c.  will  not 
answer  here,)  which  must  not  only  pass  through  an  aper- 
ture in  the  cap  or  top  of  the  cylinder,  steam  and  air-tight, 
but  this  aperture  is  required  to  be  kept  thus  close  during 
every  stroke  the  engine  makes. 

^  This  cannot  fail  of  striking  your  lordship  in  a  serious 
point  of  view;  and,  from  what  has  been  said,  it  must 
ioToire  a  conclusion  in  your  mind,  that  this  part  is  one 
i^nind  essential,  if  not  the  most  so,  of  any  in  the  machine; 
a&the  smallest  imperfection  here  will  admit  the  air  when 
the  vacuum  is  made,  and  thereby  completely  stop  the 
engine. 

"Having  thus  prepared  your  lordship,  I  will  now  de- 
Kribe  that  which  Mr.  Watt  should  have  done,  i.e.  the 
mftnnrr  in  which  the  internal  piston  is  connected  with  the 
Working  beam  without. 

^  This  in  by  an  iron  rod  of  a  sufficient  diameter,  turned 
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and  olherwise  worked  so  as  to  be  perfectly  smooth  and 
parallel  from  oae  end  to  the  other,  and  of  a  len^h  lufii- 
rient  to  allow  the  full  stroke  of  the  pii^ton  within  ;  and  I 
tbink  it  necessary  to  remark,  that  if  in  this  rod  there 
should  be  the  smallest  rag  or  flaw,  it  is  totally  unfit  for 
ibt  purpose,  for  reasons  that  will  appear  herenftor.  And  1 
am  certain,  from  my  own  knowledge,  that  Mr.  Watt,  in  _ 
his  first  outset  on  this  business,  found  more  difficulty  in  m 
procuring  these  rods  in  all  respects  perfect,  than  he  would 
ha%'e  done  in  constructing  all  the  parts  of  Newconien*i 
engine ;  although  this  article,  like  the  rest,  is  not  mention- 
ed in  his  specification. 

^'  Fifthly, —  I  Hball  proceed  to  explain  to  your  lordship 
a  circumstance  in  this  part  of  the  engine,  in  my  opinion, 
as  material  and  of  equal  consequence  with  the  preceding, 
or  uny  other  article  in  the  machine.     This  is,  the  method  ^ 
of  rendering  the  aperture,  through  which  the  piston  rod  I 
passc>6,  constantly  air  and  steam-tight;  notwithstanding     ' 
the  said  rod,  in  many  engines,  slides  through  this  aperture 
no  less  than  three  hundred  and  twenty  feet  per  minute, 
during  the  time  they  work. 

**  This  junction  or  aperture  is  a  very  ingenious  contri* 
vance,  and  is  called  a  stuffing  box  ;  it  is  a  part  formed  in 
the  centre  of  the  cap  or  top  of  the  cylinder;  and  is  a  kind 
of  cylindrical  box,  of  nbout  six  or  eight  inches  deep,  made  - 
of  iron.  The  upper  part  of  this  box  is  considerably  wider  f 
than  the  diameter  of  the  piston  rod  above-mentioned;  and 
the  bottom  or  lower  part,  next  the  inside  of  the  cylinder, 
is  made  exactly  to  fit  the  said  rod.  From  this  part,  for  a 
small  distance  upwards,  the  box  is  turned  in  a  conical 
form,  so  as  to  make  a  chamber  exactly  in  the  shape  of  i 
snuff  mill;  at  the  top  of  this  conical  part  is  turned  a 
rebate  or  seat,  into  which  is  fitted  a  brass  or  iron  ring,  tb« 
extreme  circle  of  which  exactly  fits  the  cylindrical  part 
above  the  conical  part  described.  This  conical  chamber 
is  then  filled  with  hemp  or  junk,  so  as  to  surround  the  pi** 
ton  rod  on  all  sides ;  and  being  secured  down  by  the  brMB 
or  iron  ring  above-mentioned,  causes  the  rod  to  slide  atoavi 
and  air-tight.    But  the  quantity  of  rub  which  is  constftillly 
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on  this  part,  and  the  nice  perfection  required,  soon  dis- 
covrred  the  want  of  some  farther  help;  and  something 
similar  to  the  tneanH  just  treated  on  for  keeping  the  pinton 
(ij|;bt}  flug^eflted  itself  at  an  early  period  of  Mr.  Watt's 
experiraent^j  which  is  effected  as  follows: — 

*^  In  the  cylindrical  part  of  the  box  is  turned  another 
rebate^  about  an  inch  more  or  less  above  the  ring  which 
Mcures  the  lower  packing;  and  into  this  rebate  is  also 
fitted  a  ring  as  before,  which  causes  a  space  between  it 
and  the  lower  ring.  Then  above  the  upper  ring  is  turned 
■Aother  cylindrical  part  like  the  former,  having,  of  neces- 
<ity,  a  greater  diameter.  This  conical  chamber  is  likewise 
packed  with  hemp,  junk,  &c.  and  this  packing  also  fas- 
tened down  by  means  of  a  ring,  rather  more  in  a  plug 
brOi  and  so  contrived  as  to  admit  of  being  screwed  down 
«l  pleasure,  for  the  purpose  of  compressing  the  packing  as 
worn  away  by  the  friction  of  the  rod.  The  stuffing  box 
completed,  a  small  tube  is  inserted  by  one  of  its  ends  at 
tlie  sido  of  the  said  box,  so  as  to  communicate  with  the 
open  space  comprehended  between  the  rings.  The  con- 
trary end  of  this  tube  is  joined  to  the  steam  pipe  or  boiler, 
irkcre  the  steaan  is  always  active ;  and  by  this  means  a 
conatant  supply  of  steam  is  thrown  into  the  space  afore- 
Mid,  which  htcam  preserves  the  rod  air-tight,  being  kept 
a  «irong  or  stronger  than  the  pressure  of  the  outward  air, 
Thufl  the  steam  here  does  the  office  of  water,  &c.  on  the 
1  of  the  engine,  when  the  packing  becomes  rather  in- 
nt. 

"  I  tbhik,  my  lord,  1  need  not  say  more  on  this  point,  to 
gWore  the  ncro^wity  of  a  full  and  clear  specification  ;  and 
Htc  practicability  of  giving  one,  had  there  been  a  willing 
mind. 

*•  Sixthly,— I  observe  the  lower  end  of  the  steam  cylin- 
der to  be  alfio  cloned,  and  that  the  steam  has  alternate 
rtnnmanication  with  the  cylinder  above  and  below  the 
pBton,  juHt  contrary  to  that  of  Newconien. 

**  To  detail  the  true  nature  of  all  this,  would  he  tire- 
aomr  to  yonr  lordship  ;  and,  as  Mr.  Watt  has  not  done  it, 
P«lmlt  decline  doing  it  for  him,  though  certainly  well  able. 

5.  w 


BAAMAJIK  OD^EnVATlONfl 

"  Seventhly, — 1  come  to  what  ore  crIIccI  conclenfiers.  Oa 
this  part  of  the  subject  I  niu  uliiiost  ]>u7.Kk'&l  nhol  to  h8i>* 
From  the  apecificatioii,  1  can  Hay  nolhiitg ;  from  the  C4i- 
gines,  tliey  have  been  made  in  all  forms  ;  and  that,  by 
changing  about  and  mixing  the  knowledge  of  every  pervoii 
in  bin  way  for  twenty  years  at  least,  Mr.  Watt  had  been 
taught  what  is  the  real  fact,  and  what  they  confessed  to  Ik^ 
BO  on  the  lute  trial,  namely,  that  no  condenscrB  are  neces- 
sary, but  that,  which  Neivcoinen  calls  the  eduction  pipe, 
and  in  which  the  condensation  iH  performed  by  a  Jet  of 
cold  water,  answers  the  same  purpose  equally  well. 

'*  Then  it  appean;,  my  lord,  that  twcnt)  years*  exercise 
of  the  superior  abilities  of  Mr.  Watt,  with  the  help  of  uH 
he  could  gain  from  the  knowledge  and  practice  of  other 
men,  and  the  assistance  be  received,  through  the  spaco  of 
six  years  more,  from  Professor  Robinson,  Dr.  Roebuck, 
Mr.  Cummings,  and,  no  doubt,  many  others,  eminent  ia 
the  theory  and  practice  of  the  arts,  was  only  to  prove 
what  1  said  before  they  acknowledged  it,  that  all  conden- 
sers do  more  harm  than  good ;  and  that  when  men  of 
better  Judgment  have  constructed  engines  totally  without 
condensers,  as  good  or  better  than  their  own,  they  have 
just  candour  enough  to  admit  the  fact,  and  pride  and  ava- 
rice enough  to  claim  them  as  their  invention. 

^'  There  is,  as  your  lordship  has  been  abundantly  in- 
formed, a  vulve  placed  in  the  passage  allotted  to  conduct 
the  steam,  water,  Sec,  from  the  cylinder  to  the  condenser, 
which  alternately  opens  and  shuts  this  communication.  1 
have  to  remark  thul,  when  the  steam  regulator,  as  in 
Newcomen*8  engine,  opens  to  the  cylinder,  and  at  the 
aame  time  causes  the  first  jet  of  steam  to  discharge  the 
water  and  air  as  ubove  described,  this  valve  in  Mr.  Watt*a 
engine  is  then  open  to  the  condenser;  and,  was  there 
nothing  else,  the  steam  would,  as  well  as  act  on  the  pis- 
ton, fly  to  the  condenser,  and  being  there  destroyed  at 
that  end,  if  I  may  »o  say,  would  not  move  the  piston  at 
all ;  it  was  therefore  necessary  for  Mr.  Walt  to  introduce 
another  valve,  which  he  has  done,  liut  certain  reason*, 
best  known  to  himself,  which  the  writer  of  this  will  not 
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pretend  (u  suggest,  induced  him  to  omit  giving  your  lord- 
ship and  the  court  an  account  of  it,  though,  as  I  have 
already  noted,  on  the  other  valve  his  counsel  were  very 
profu^^e. 

'^  This  cunning  valve,  my  lord,  is  like  the  injection 
water,  smuggled  into  another  part  of  the  engine,  and 
serves,  as  in  the  preceding  case,  to  open  and  shut  a  com- 
nunication.  It  happens,  however,  not  to  be  the  commu- 
nication between  the  cylinder  and  the  condenser,  but, 
what  is  of  much  greater  consequence,  it  opens  and  shuts 
the  passage  between  the  boiler  and  the  condenser.  I  have 
materially  to  remark  to  your  lordship  respecting  this 
valve,  that  it  must  be  and  is  always  shut  during  the  time 
the  steam  regulator  is  open.  How,  then,  is  it  possible,  ray 
lord,  that  this  condenser  can  be  cleansed  as  in  New- 
comen's,  provided  even  the  former  objections  did  not 
exist? 

"Thus,  having  aimed  at  as  much  perspicuity  as  po^^sible, 
1  hope,  and  am  even  conKdent,  that  your  lordship,  although 
Qo  engineer,  will  perfectly  understand  what  I  have  ad- 
vanced, and  be  convinced  of  the  necessity  and  practicabi- 
lity of  giving  a  full  and  explicit  description  of  liiis  point 
also.  I  shall  now  proceed  as  proposed,  with  some  detail 
on  the  nature,  proportion,  and  situation  of  Mr.  Wood's 
rery  ingenious  and  valuable  application  of  a  pump,  or 
pumps,  for  the  extraction  of  the  water  and  uncondensed 
trapour,  which  would  otherwise  much  impede  the  work- 
ing of  the  engine,  as  Mr,  Watt,  for  a  wonder,  has  had  the 
candour  to  declare  in  his  specification. 

"  1  will  here  entreat  your  lordship's  patience,  while  I 
make  a  solemn  protestation.  1  declare,  and  1  challenge 
every  scientific  man  to  disprove  it,  that  all  the  improve- 
ments which  have  yet  fallen  within  my  observation  on 
Steam  Engines,  do  wholly  depend  on  the  application  of 
Mr.  Wood's  invention,  viz.  a  pump ;  or,  I  will  at  least 
say,  in  a  proportion  of  fifty  to  one,  compared  with  the 
other  additions  made  by  Mr.  Walt,  with  all  his  retinue  of 
doctoni,  professors,  philosophers,  mathematicians,  and  me* 
cUa.nic9« 
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"  Now  for  thin  pump,  the  ingenious  inventton  of  Mr. 
Wood.  I  repeat  hia  name,  as  your  lordship,  having 
heard  less  uhout  this  piiinp  on  the  presetit  than  ou  former 
occasions,  might  be  at  a  lo»8  to  judge  the  cqu4c  of  this 
declension^  and  on  this  account  I  shall  be  more  plain  on 
the  subject.  Much  pnina  were  taken  on  this  trial  to  con- 
vince the  court  that  proportion,  lateral  and  allitudal 
situation,  did  not  at  all  or  not  e^entially  signify:  1  will 
therefore  confine  ivhat  1  have  to  say  more  directly  to 
these  points,  wilh  a  small  digression  only  to  consider,  as 
in  the  case  of  Mr,  Gitty,  some  remarks  from  the  eminent 
and  ingeuiou»  Mr.  Cunimingft,  respecting  this  importaal 
mrlicle. 

**My  experience,  my  lord,  obliges  me  to  allow,  that 
when  a  pump  is  introduced,  or  added  to  one  of  Newco* 
meirs  engines  where  there  is  no  condenser,  a  trifling 
latitude  in  the  size,  over  and  above  the  real  inarimuiM,  14 
of  little  moment,  and  may  be  exercised  without  much 
detriment  to  the  engine;  but  I  find,  the  closer  we  adhere 
to  the  smallest  that  is  sufficient,  the  less  the  power  of  the 
engine  is  impeded  by  giving  it  motion. 

'^  Ail  the  actual  proportion  (he  pump  ought  to  have 
been  to  the  cylinder  mu^t  be  the  result  of  duly  considering 
the  engine  both  in  a  perfect  and  less  perfect  air*light 
state,  1  will  leave  every  engineer  to  study  for  himself,  a« 
Mr.  Watt  has  done^  and  hapten  to  give  my  reasouH  why 
pump!(,  constructed  without  regard  to  proportions,  Scc*  MB 
above  mentioned,  will  not  answer  in  engines  made  wilh 
condensers. 

^^  Suppose,  my  lord,  1  constructed  un  engine  on  the  plan 
of  Air.  Wiitt,  with  a  steam  cylinder  exactly  equal  to  one 
of  Newcomen,  to  which  1  have  annexed  a  pump  of  proper 
size;  1  should  be  very  naturally  led  to  make  this  second 
one  from  the  same  pattcrmt;  experience  having  shown  me 
the  propriety  of  its  dimensions,  and  to  save  also  the  ex* 
ptn^e  of  new  patterns,  tooU,  Sec,  This  done,  I  come  to 
determine  (he  n'v/.e  of  my  condenser.  If  I  be  at  a  losa  in 
this,  1  go  to  Mr.  Walt*s6pccitication  ;  there  1  tind  not  a 
word  to  help  me.     1  then  post  off,  perhaps  from  Muuche:^- 
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ter  to  Cornwall,  (o  see  a  condenser ;  when  I  come  there^ 
1  traverse  the  whale  County  in  the  character  of  a  spy, 
and  none  will  even  permit  me  to  enter  their  vrorks^  (and 
should  ]  intrude  without  a  licence,  I  should  soon  get 
myself  expelled,)  much  less  stop  the  engine,  and  disorga* 
nice  the  whole,  to  give  me  the  knowledge  I  am  seeking-. 
My  own  reason,  by  this  time  more  awake,  niakes  this 
inference  :  that,  provided  I  did  succeed  in  meeting  with  a 
person  friendly  enough  to  suffer  my  scrutiny,  I  must  of 
course  pay  the  loss  accruing  from  such  an  enterprise, — and, 
for  an  idea  of  this,  I  will  refer  your  lordship  to  the  obser- 
vations already  mnde  on  stopping  engine.s.  Just  as  wise^ 
therefore,  as  when  I  started,  I  post  back  to  Manchester, 
resolved  to  make  a  condenser  of  some  sort.  I  begin  by 
reflecting,  not  on  the  thing,  for  I  know  not  what  it  is,  but 
on  its  reputation  ;  and  if  1  chanced  to  recollect  the  high 
encomiums  it  received  in  the  Courts  of  Westminster  and 
London,  1  should  be  led  to  conclude,  that  were  my  engine 
all  condenser,  I  could  not  fail  of  being  on  the  right  side 
of  the  question.  Thus  I  determine  my  condenser  shall  be 
(what  I  have  seen  some  made  by  Mr.  Watt,  at  the  Soho, 
Dirroingham.)  as  large,  or  considerably  larger  than  the 
steani  cylinder  of  the  engine  for  which  it  is  intended. 
This  would  be  at  least  twelve  or  twenty  times  the  dimen- 
sions of  my  pump, — but  say  twelve  times,  for  the  sake  of 
data ;  and  suppose  the  engine  completed,  and  ready  for 
action  :  the  consequence  of  this  I  will  endeavour  to  make 
plain  to  your  lordship.  When  the  engine  has  been 
eitiplied  of  her  air,  and  aho  the  condenser,  by  what 
Mr,  Watt's  engineers  call  blowing  through,  the  stoam 
valve  is  opened,  and  the  piston  makes  a  stroke ;  then  the 
ilincharge  is  made  from  the  cylinder  to  the  condenser  by 
opening  another  valve.  Now,  let  it  be  supposed  that  the 
uncondensible  air  or  vapour  which  then  fills  the  condenser, 
and  U  to  be  drawn  out  by  a  pump  unequal  in  expansive 
force  to  one-twelfth  part  (and  it  is  seldom  less)  of  the 
rtp^m's  pressure  on  the  piston.  The  air  pump,  which,  I 
H4\e  already  said,  is  only  one-twelfth  part  of  the  contents 
oflbia  condenser,  makes  one  stroke  also;  but  by  this  the 
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expnnsive  force  of  the  vapour  cuii  only  he  reduced  one 
t\>eirth  pnrt,  for  it  must  take  twelve  strokes  of  this  pump    - 
to  reduce  the  vapour  in  the  condenser  to  its  least  density;   I 
and*  consi^rjuently,  there  will  remain  a  rcsistunce  to  the 
second  ntrokc  e<|ual  to  jfof  the  force  of  the  vapour  men- 
tioned;  and  to  the  next  stroke  ff,  and  every  continued  ■ 
stroke   in    this   proportion ;    so    that,   in    about    thirteen 
strokes,  this  air  and  vapour  would  inevitably  become  as 
strong  in  the  condenser  as  the  steam;  and,  by  thus  rntor* 
ing  the  equilibrium,  of  nece^ity  stop  the  entwine, although 
she  had  nothing  but  her  own  materials  to  carry,  and  th 
void  of  friction.** 

Making  due  allowance  for  the  prejudiced  feeling  wit 
which  these  remarks  of  Braniah*s  were  wriMen,  arising 
from  the  succei^sful  rivalry  of  Watt,  our  readers  will  find 
much  interesting  information  contained  in  them.  They 
show  clearly  the  insufliciency  and  obscurity  of  the  specifi- 
cation in  question. 

Yet  Mr.  Watt  was  a  truly  wonderful  man.     His  idea* 


were  great,  and  many  of  his  discoveries  were  Bucceasful 
beyond  all  previous  conjecture.  He  has  done  more  for 
art  and  commerce  than  any  single  individual  ever  known; 
but,  whilst  we  admit  all  this,  we  must  aUo  say,  few  men 
would  have  put  their  names  to  many  of  the  inventiom  ■ 
which  appear  under  his.     All  men  have,  at  times,  made    " 


ilistcoveries,  which  they  imagine  to  be  excellent,  bat 
which  prove  otherivise:  but  few  have  put  upon  record  so 
niany  absurd  and  impracticable  schemes.  What  are  we  to 
say  to  his  many  rotative  engines  ;  to  his  six  contrivances  for 
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regulating  the  motion  of  his  engines ;  to  his  method  of  work*   ■ 
ing  engines  by  the  alternate  expansion  and  contraction  of       \ 
Uu-  steam  ?     We  answer,  that  the  majority  of  them  were 
impracticable,  and  some  of  them   the  most  contemptible 
schemes  that  ever  entered  the  brain  of  a  projector.     His 
mind  seems  to  have  been  capable  of  any  thing;  but- he  wsa 
too  inactive  both  in  body  and  mind  to  set  about  aatiafytng 
hiniHclf  of  the  true  value  of  his  inventions.     Many  years   m 
elapsed  before  he  submitted  bis  grout  scheme  to  the  lest  ol.  I 
experiment;  and,  when  the  means  wtrt  afforded,  it  wits 
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tiiree  yeans  before  the  experiment  was  completed.  Lon^ 
inler\:ils  posted  over  between  his  visits  to  Soho,  evon 
when  many  of  his  most  important  experiments  were  in 
process.  We  cannot  think  with  Playfair  that  "  he  never 
went  either  hefore  or  beyond  the  direct  inference  which 
could  be  drawn  from  an  experiment;  or  that  so  great  was 
hh  wigacity,  that  few  bearings  of  that  experiment  were 
Jtled  or  overlooked/*  We  have  shown,  on  the  con- 
ftfmry,  that  not  one  half  of  his  schemes  answered,  and  that 
be;  like  all  men,  was  liable  to  misconception  and  error. 
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■ov  a  wish  to  keep  our  description  of  Mr.  Watt^n  dis- 
coveries as  connected  as  we  could,  we  have,  until  now, 
paved  over  the  invention  of  Mr.  Jonathan  llornbtower,  of 
Pvnrhyn,  Cornwall,  for  which  a  patent  was  taken  out  in 
1781.  A  full  and  detailed  description  is  to  be  found  in  the 
first  edition  of  Gregory's  Mechanics.  The  following  is  a 
copy  of  bis  specification  : — 

"  First, — I  use  two  steam  vessels,  fn  which  the  steam  is 
to  act,  and  which  in  other  steam  engines  are  called  cylin- 
der*. Secondly, —  I  employ  the  steam,  after  is  has  acted 
in  the  fir«t  vessel,  to  operate  a  second  time  in  the  other,  by 
permitting  it  to  expand  itself,  which  1  do  by  connecting 
the  vessels  together,  and  fortiting  proper  channels  and 
apertures,  whereby  the  steam  ^hall,  occasionally,  go  in 
lod  out  of  the  said  vessels.  Thirdly, — I  condense  the 
stesn  bv  causing  it  to  pass  in  contact  with  metallic  sub- 
stances, while  water  is  applied  to  the  opposite  side. 
Fourthlr, — to  discharge  the  engine  of  the  water  employed 
tu  condense  the  steam,  I  suspend  a  column  of  water  in  a 
tube  or  vessel  constructed  fur  that  purpose,  on  the  princi- 
ples of  the  barometer,  the  upper  end  having  open  commu- 
nication with  the  steam  vessels,  and  the  lower  end  being 
immersed  in  a  vessel  of  water.  Fifthly,— to  discharge  the 
air  which  enters  the  steam  vessels  with  the  condensing 
water  or  otherwise,  I  introduce  it  into  a  separate  vessel, 
whence  it  is  protruded  by  the  admission  of  steam.  Sixthly. 
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—that  the  condensed  vapour  shall  not  remain  in  the  ateam^ 
vessel  in  which  the  steam  h  condensed,   I  collect  it  into 
another  vei^el,  which  has  open  communication  with  the 
flteam  vessels,  and  the   water  in  the  mine,   reservoir,  or    , 
river.     Lastly, — in  cases  where  the  atmosphere  is  to  ^m 
employed  t«  act  on  the  piston,  1  use  a  piston  so  eonslrnctetf  ^ 
as  to  admit  steam  round  its  periphery,  and  in  contact  with 
the  sides  of  the  steam  vessel,  thereby  to  prevent  the  exter*^ 
na]  air  from  passing  in  between  the  piston  and  the  sides 
the  stoani  vessel." 

This  patent,  like  Mr.  Watt*s,  conveys  no  idea  of  ei( 
form  or  dimensions;  and  we  must  therefore  have  recoui 
to  other  sources  for  more  particulars  respecting  it- 
enlarged  account  was  in»erte<i  in  "  Gregory's  Mechanics,' 
but  was  afXerwards  omitted  by  the  author,  who,  in  a  sab- 
sequent  edition,   muken  the  following  remarks  thereon.—*    i 
*<  Ar  I  have  been  exposed  to  much  calumny  and  m{srepre*H 
sentation  for  admitting  that  historfe  sketch  into  my  work, 
1  beg  to  remark  that  1  did  it  90(eh/  from  niotrves  of  ben^- 
volcnce.     Till  the  time  my  second  volume  was  preparing 
for  the  press,  1  knew  nothing  of  Mr.  Hornblower  ;  but  a 
friend  of  mine,  on  whose  judgment  I  plated  great  reliance, 
who   was   well   acquainted    with   Mr.   Hornblower,    and 
thought  highly  of  his  m»ra1  character,  as  well  as  of  ht« 
mechanical  skill,  had  a  full  persuasion  that,   through  a 
series  of  unfortunate  circumstances,  he  had  never  hadjtit* 
tice  done  him,  and  urged  me  to  allow  Mr.  Hornblower  to  m 
tell  his  own  story-     I  yielded  to  his  solicitations,  and  iif" 
consequence  exposed  myself  to  the  nialevolettre  of  certain 
writers,  who,  in   one  short  note  of  ten  lines,*  published 
fonr  positive,  wilful   falnehonds,  for  the  honourable  pur- 
pose of  injuring  my  reputation.   I,  however,  forgive  them, 
although  they  treated  me  unjustly  ;  and  trust  they  vriify 
ere  now,   have    forgiven   me   for  permitting  an    injured^ 
though  perhaps  hasty,  man,  to  defend  his  own  cause  and^j 
that  of  his  family.     He  is  now  beyond  the  reach  of  tbi 
who  wished  to  promote  his  welfare,  as  well  as  of  those  who^l 
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by  unfairly  depreciating  his  charnctor,  involved  him  in 
niin.  His  latter  years  were  rendered  comfortable,  not  by 
the  liberality  of  his  coiiiUrymen,  but  by  an  opulent  and 
scientific  Swede,  who  knew  how  to  appreciate  and  to 
reirmrd  his  merit  as  an  engineer. 

**  The  priQciple  of  Hornblower*fl  engine  depended  on 
his  obtaining  more  power  by  a  complicnted  force  of  steam 
than  could  be  acquired  by  its  simple  action  in  the  common 
mode.  This  is  effected  by  the  use  of  two  cylinders  of 
different  capacities;  and  Mr.  Hornblower,  after  inqui- 
ring into  the  effect  of  using  steam  according  to  each  of 
Iho^te  modes,  compares  the  results  together  as  follows.  *  If 

*  ve  obtain  the  accumulntod  pressure  by  taking  a  mean  of 

*  the  extremes,  we  shall  find  Mr.  Watt*s  application  to  be 
*!!!515^20,  leaving  12  lbs.  at  the  termination  of  the  stroke. 
'The  application  of  the  principle  in  the  present  instance, 
^by  taking  the  mean  of  the  two  extremes,  will  be^=21y 
MemTiD^  18  at  the  termination  of  the  stroke;  which,  in 

*  poiDt  of  advantage,  in  favour  of  the  double  cylinder,  is 

*  «9  3  to  $;  a  point  of  no  small  magnitude  in  the  practical 

*  ippltcatiun  of  this  principle,  and  which  seems  to  have 
'  beea  overlooked  by  all  those,  who  have  taken  up  the 
•fobjcel/" 

The  following  description  of  this  engine,  (written  by  the 
iaventor,)  is  copied  from  the  '^  Encyclopedia  Britannica/' 
Let  A  and  B  represent  two  cylinders,  of  which  A  is  the 
largest;  a  piston  moves  in  each,  having  their  rods,  C  and 
D,  moving  through  collars  at  E  and  F.  These  cylinders 
may  be  supplied  with  steam  from  the  boiler,  by  means  of 
the  M)  an  re  pipe  G,  which  has  a  flange  to  connect  it  with 
the  rest  of  the  steam  pipe.  This  square  part  is  represented 
•s  branching  off  to  both  cylinders  :  c  and  d  are  two  cocks, 
vrhich  have  handles  and  tumblers  as  usual,  worked  by  the 
plug-beam  W.  On  the  foreside  of  the  cylinders  is  repre- 
sented another  communicating  pipe,  whose  section  is  alsu 
•qoare,  or  rectangular,  having  also  two  cocks,  a,  b  .  The 
pipe  Y,  immediately  under  the  cock  6,  establishes  a 
eommnnictftion  between  the  upper  and  lower  parts  of  tlie 
cylinder  B,  by  opening  the  cock  b.  There  is  a  similar  pipt^ 

5.  o 


When  the  cocks  c  and  a  are  open,  and  the  cocks  b  and 
d  arc  Rhul,  the  steam  from  the  boiler  has  free  adroiasioo 
into  the  upper  part  of  the  small  cylinder  B,  and  the  steam 
from  the  lower  part  of  B  has  free  admission  into  the  upper 
part  of  the  great  cylinder  A  ;  but  the  upper  part  of  each 
cylinder  has  no  comniunicutton  with  its  lower  part. 

From  the  boKom  of  the  great  cylinder  proceeds  the 
eduction  pipe  K,  having  a  valve  at  its  opening  into  the 
cylinder  ;  it  then  bends  downwards,  and  is  connected  with 
the  condenser. 
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Lastly,  the  pump^ioda  cause  the  outer  end  of  the  beam 
to  proponderatp,  sn  that  the  quiescent  position  of  the  beam 
19  that  represented  in  the  figure,  the  pii^tons  being  at  the 
top  of  the  cylinder. 

Suppose  all  the  cocks  open,  and  steam  coming  in  copi- 
ously from  the  boiler,  and  no  condensation  going  on  in  L, 
ihe  tfteam  must  drive  out  all  the  air,  and  at  last  follow  it 
through  the  valve  Q.  Now  shut  the  cocks  b  and  d,  and 
open  the  escape  valve  of  the  condenser  ;  the  condensation 
will  immediately  commence,  and  draw  ofl*  the  steam  from 
the  lower  part  of  the  great  cylinder.  There  is  now  no 
pressure  on  the  under  side  of  the  piston  of  the  great 
oyliodcr  A,  and  it  immediately  dcscend<t.  The  communi- 
cation Y,  between  the  lower  part  of  the  cylinder  B,  and 
ibe  upper  part  of  the  great  cylinder  A,  being  open,  the 
steara  will  go  from  the  lower  part  of  B,  into  the  space 
left  by  the  descent  of  the  piston  of  A.  It  must,  therefore, 
expand,  and  its  elasticity  must  diminish,  and  will  no  longer 
balance  the  pressure  of  the  steam  coming  from  the  boiler, 
tad  preissing  above  the  piston  of  B. 

This  piston,  therefore,  if  no(  withheld  by  the  beam, 
would  descend  till  it  came  in  equilibrio,  from  having  steam 
of  equal  density  above  aqd  below  it.  But  it  cannot  dc- 
•tend  so  fast;  for  the  cylinder  A  is  larger  than  B,  and  the 
arch  of  the  beam,  at  which  the  great  piston  is  suspended, 
is  no  longer  than  the  arm  which  supports  the  piston  of  B  : 
therefore,  when  the  piston  of  B  has  descended  as  far  as 
the  beam  will  permit  it,  the  steam  between  the  two  pistons 
occupies  a  larger  Rpncc  than  it  did,  when  both  pistons  were 
ttlhc  top  of  their  cylinders,  and  its  density  diminishes  aa 
its  bulk  increases.  The  steam  beneath  the  small  piston  is, 
therefore,  not  a  balance  for  the  steam  on  the  upper  side  of 
the  same,  and  the  piston  B  will  act  to  depress  the  beam 
with  all  the  difference  of  these  pressures. 

The  slightest  view  of  the  subject  must  show  the  rcader,^ 
that  as  the  piston  descends,  the  steam  that  is  between  them 
will  grow  continually  rarer  and  less  elastic,  and  that  both 
pistons  will  draw  the  beam  downwards.  Suppose  now, 
that  each  one  had  reached  the  bottom  of  its  c)  Under :  shut 
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the  cock  <t,  Biid  the  eduction  valve  nl  the  bottom  of  A,  and 
3peii  the  cock^  b  und  d.  The  coniniiiiiication  bein|c  now 
cistaUlUhod  between  the  upper  and  lower  pari  of  each  cy- 
linder, (heir  pistons  will  be  pressed  equally  on  the  nppi*rand 
lower  Burfuces  ;  in  this  situation,  therefore,  nothing  biu- 
ders  (he  counierweight  from  raiKiut^  the  pistons  to  the  top. 

Suppose  them  arrived  at  the  top  :  the  cylinder  U  ii  at 
ihiH  time  filled  with  Bteam  of  the  ordinary  density,  and 
(he  cylinder  A  with  an  equal  absolute  quantity  of  steam, 
but  expanded  into  a  larger  space.  Shut  (he  cocks  0  and  d, 
and  open  the  cock  a,  and  the  eduction  valve  at  the  bottom 
of  A,  (he  condennation  will  again  operate,  and  cause  tbc 
piHtonH  to  descend  ;  and  thus  (he  operation  may  be  re- 
peated as  long  an  steam  is  supplied  ;  and  one  measure-full 
of  (he  cylinder  B  of  ordinary  steam  is  expended  during 
each  workinfT  stroke. 

Profetitsor  Uobinson^s  mathematical  investigation  of  the 
principles  of  this  engine  is  extremely  interesting,  lie 
drnion8(rH(eB  (hot  (he  same  effect  only  is  produced  as  in 
]\lr.  Watt's  expansion  engine.  We  shall  endeavour  to 
show  the  same  by  an  arithmetical  calculation,  as  it  will  be 
thereby  more  generally  comprehended. 

We  shall  assume,  for  the  sake  of  being  more  ;^^ 
intelligible,  that  the  cylinders  are  placed  one 
above  the  other,  as  represented  in  the  margin, 
the  lower  one  being  twice  the  area  of  the  upper 
€>ne,  and  the  pistons  connected  by  one  rod  ;  so 
that  the  external  apparatus  shall  be  at  all  times 

actuated  by   the  united  force  exerted  on  both    ^ 

pistons.  1  I 

We  shall  imagine  the  small  piston  to  be  100  inches  in 
area,  and  the  larger  one  200  inches ;  and,  assuming  IIm 
pressure  to  be  10  lbs.  on  the  inch,  the  pressure  on  tke 
smaller  piston  will  be  1000  lbs.,  whilst  that  of  the  larMT 
will  be  2000  lbs. 

Both  pistons  being  at  the  top  of  their  respec(ive  cylin- 
ders, let  steam  be  admitted  of  the  abovenanied  density. 
The  stroke  will  then  be  commenced  with  a  force  of  about 
2000  lbs.  (not  deducting  friction,)  because  we  have,  in  ihm 
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outset,  the  whole  force  of  ihc  larger  piston,  beneath  which 
there  is  no  resistance  of  its  action  ;  but  the  smaller  piston, 
having  steam  of  the  prcs^iurc  above  as  well  as  below  it,  is 
in  equilibrio.  But,  as  the  pistons  descend,  the  power  of 
the  greater  one  decreases,  by  the  reduced  resistance  from 
the  expansion  of  the  steam  contained  between  the  two 
pistons,  whilst  the  power  of  the  smaller  is  increased  by 
(be  steam  from  the  boiler  continuing  to  act  on  it  witb  the 
force  of  10  lbs.  on  the  inch,  whilst  the  steam  underneath  it 
in  gradually  expanding  into  the  larger  cylinder,  and  con- 
sequently becoming  reduced  in  its  density.  The  following 
table,  extracted  from  Rces's  Encyclopedia,  will  show  the 
variations  in  the  power  at  certain  parts  of  the  stroke. 


OtK^iinf  pvwm  of  ihc  great 


Uk«, 


Atfinkt^ihe  |M>wcr  will  be  8000 
laaouciuieiicv  of  the  pre.*.«Dri! 


tlUIhi,prr  itichoD  tt«  upficr 


41 


pressure  bc- 


tbi. 


ISecatisti  the  pKlnii  h  iu 
fijuilihrio,  huvinif  lOOO 
lbs.  prcsfiitig  npnnrdSt  & 
lOoO  lbs.  downwards. 


■tburlh  ofthe  denreni 
Ibc  |K>wcr  will  have  di- 
niuMbed  by  regular  de- 

crencDlB  to   1000 

BoMv  tike  Meftai  berwn^n  tlie 

(•OjteOM  URtt  OtXUpY  )f  hM  or 

^millrr  eylloder.and  ^th  of 
~^  rlindcr,  wbich  U  a 

to  I  and  ^(h  q(  the 
which  H  fflUrd; 
I  apace  will  be  as 
'tfcedpii.iUy  he  aa 
|)roportioa  vi  rhc 
prrsnare  on  the  i^rrai 
»Mtl>c|uf:iU}0-)GOO. 

;oo«-half  of  the  descent 
the  (lower  will  be  diiiii- 

Diibed  to    13331 

at  thi*  point  thesteAin 
Uie   pt«ton«  orciipies 
•hAlf  or  ihr  »uiaI1  cylinder, 
oor-h^lf  of  ilic  lar^e  one, 
fqual  to  1&  of 
•  .   the  coffiDieuee- 

ot'  CA  will  therefore 

br  :  I  he  pre«Burc  on 

IfuL  II  M  4  toO|  or 

Tarry  furwa-d 4033} 


^0 


liecaiiM  the  equilibrium 
doe^  HOC  Cdntinue,  and 
at  |lh  of  thedescriit,  Ihc 
pressure  under  the  aniull 
piston  iH  reduced  by  the 
expiin!<>ion  of  the  sieam 
betwei'ti  the  plittoni)  to  J 
of  1(KK)s8t)U,  while  the 
pressure  above  the  pUton 
cnnlinncs  to  belOtiO.Tlie 
puiver  is,  therefore,  1000 
—  BOO  =200. 


At  first..  200U 


1800 


Because  the  pressure  Im;- 
iieath  ii  diminished  by 
iheinrntt^rd  rantytif the 
rilcam  to  (wo  thirdfi  of 
|000=60(V|,  while  ihe 
■luw'jkwnrd  pressure  con- 
tiuuL's  to  be  1000.  The 
power  is,  therefore,  lUOO 
-006j=3S3;. 


3331 


533i 


l6Wi 


:4(Mi> 
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OiMcaiMliuj  ^Mtwor  oflbA  (rc«t 

Dmcw^ias  )*<>vi>r  of  lUu  tnuiU 

Drought  forward •U)3:ii 

At  llircc.roiirths  of  tlic  dc- 
scriit     the    power    wilt 
oiil  V  l»t*   . .  * I  liS* 

6334 

4 

4SS4 

1 

IS 

IW.iuvf  (lif  Rieani   niiHt  now 
(tcrn[iy  (Mi  ol  tlir  Hnuill  rylia* 
iUt,  aii(i  ithnoflhc  luritc  ly* 
litiilrr,  tvhirli  !•■  a  opart*  rtjUAl  to 
IjiM   of  tliL'   «in<iiiA)    Apdcr. 
Tliiift  iho  >|mn.t  will  be  7  f*  4. 
uiul   (Irf   |)rt-v4iiie  on  tbf  grctt 
pistou    iV/iir-sLvcntlis   af  ^00 

HfCiifice  the  iirtiiMirt  fte- 
iicntli  iii   rc<iurL*<l  bjr  the 

niritj'  >>r  tlic  Mir  lt>  futir- 
ftcriiilbMof  |tl(H)=-.f1li^. 
'nicrcAitc  »lif  iwwer  m 
1000— ail  j=4«l?^. 

i 

At  the  bottom  of  the  cylin- 
der the  |K>wpr  will  t>c..l(MM> 
IUf:tu«e  thv  uttaiti  t  :              •     \ 
llic  wlioh-  uf  Oil'  I.ki 
n  Kimcc  ci|unUu  ttvi                     1 
cylluJer,  which  It  Bt  lirai  tiilcd. 
•Hie  prrMiirc  will  tbcrcforr  be 

i,,4, 600 

tafl 

l^t^cnu^e  the  tteftin  he- 
ricHlli  the  piilnii  1*1  rcdu- 
ri-(|  III  4  of  itii  prm^ure, 
ur  dOU,  wtiirb.drdiicietj 
frnia  1000.  Iravea  AOO. 

i 

Bum  of  the  powers  exerted 
by  till:  great  |M«lon  in  its 
(Ifftt  tilt   707(i 

8tim  of  the  |mwert 
oflliL'smrtll  |ii»ton .  1401 

Sam  of  the    ^ 
cotiibined 

Now,  if  Mr.  Watt's  principle  of  expansion  were  used  in 
a  cylinder  of  the  same  area  as  the  larger  one  in  this  io* 
ilauce,  and  the  pressure  of  steam  the  same  at  the  com* 
mencement,  namely,  IOIIm.  on  the  inch,  until  one-half  of' 
the  stroke  be  completed,  and  the  remainder  be  effected  by 
the  expansion  of  the  steam  already  contained  in  tha 
cylinder,  the  power  will  be — 

At  the  hi-piining •••  SNN)OIfat| 

At  one-fourlh     SOOO 

At  one.hnlf    SOOO 

At  three-fourth*  ' 1333  ^ 

At  the  Iwltom UNK) 

Total  effect 9333  j 


IKnce  it   uill  appenr  that  the  difTerence  between  Um^ 
effect  of  the  two  principles  is  very  trilling;  but  e\eii  this 
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difference  would  not  exist,  if  recourse  were  had  to  flux- 
ions, instead  of  common  arithmetic  ;  because  by  the  latter 
it  13  assumed  that  the  change  in  the  two  efi*ects,  named  at 
any  two  points,  has  only  taken  place  at  thai  last  named, 
and  consequently  that  the  force  up  to  that  point  had  conti- 
nued the  same  as  the  preceding  one.  For  instance,  the  force 
on  the  larger  piston  of  Mr.  Hornblower^s  engine  is  stated 
to  be  at  one-fourth  of  the  stroke,  and  from  thence  to  the 
half  stroke,  1600  lbs. ;  but  this  is  not  the  fact,  for,  from  the 
quarter  to  the  half  stroke,  the  force  is  gradually  dimiiiish- 
ing  from  1600  to  1333 i.  The  minutest  subdivisions  would 
only  be  an  approximation  to  accuracy.  Fluxions  are  (he 
only  method  of  obtaining  correctly  the  sum  total  of  con- 
stantly increasing  or  decreasing  quantities. 

In  this  calculation  of  the  power  of  Mr.  Watt*s  engine, 
a  less  number  of  points  have  been  taken  than  ought  to 
hare  been;  for  although  five  are  taken,  in  common  with 
Mr.  Hornblower's,  yet  two  of  them  are  when  the  cylinder 
of  Mr.  Watt  is  in  communication  with  the  boiler  ;  whereas 
ibe  comparison  ought  to  have  been  made  by  taking  five 
points  during  the  last  half  of  the  stroke  of  each  engine. 
By  this  method  it  would  have  been  seen  that  a  very  trifling 
difference  in  the  total  effects  of  each  would  have  resulted. 

In  confirmation  of  these  calculations  it  may  be  stated, 
that  Mr.  Hornblower's  engine  was  not  found  in  practice, 
to  exceed  in  effect  the  expansion  engine  of  Mr.  Watt.  He 
erected  an  engine  in  1799,  at  Tin  Croft  Mine,  in  Cornwall, 
which,  it  appears,  did  not  perform  work  equal  to  an 
engine  of  Messrs.  Boulton  and  Watt,  which  consumed 
tbe  same  quantity  of  coals. 


We  «hall  now  proceed  to  the  consideration  of  the  next 
invenlinn  that  presents  itself  in  chronological  order,  which 
is  a  Rotative  Engine  by  Mr.  Cooke,  a  drawing  and  de- 
Kriplion  of  which  arc  to  be  found  in  the  Transactions 
of  the  Royal  Irish  Academy,  1787.  We  subjoin  a  de- 
Kfiption  thereof. 
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{Cook^^s  Rotative  Engine,     1787.) 

On  the  circumference  of  a  wheel  eight  vanes  or  flapli 
arc  attached  liy  joints,  which  are  formed  to  open  some- 
what more  than  half  of  their  circvmference.  During  the 
revolution  of  the  wheel,  the  vanef  being  first  opened  by 
their  own  gravity,  areafterwarddkept  to  fill  thechannel  hy 
the  pressure  of  the  steam,  cc  c  arc  the  valves  or  flaps;  6  bi 
the  tube  which  admits  steam  from  the  boiler;  a  a  (uhc  lead* 
ing  to  the  condenser.  Jt  kf'is  tlic  case  in  which  the  wheel  ^ 
A  A  is  enclosed  as  high  ns  the  doited  line;  this  case  b  toV 
be  steam-tight.  The  wheel  being  supposed  in  the  situation 
in  the  figure,  the  valves  prevent  any  communication  be- 
tween the  boiler  and  condenser.  Steam  is  now  admitted 
at  b,  and,  pressing  on  cCy  forces  them  forward  in  its  pac< 
sage  to  the  condenser,  and  produces  movement.  The 
denser  is  worked  by  a  crank  in  the  axis,  and  a  rod  d  is  ex- 
tended from  it,  which  keeps  a  constant  vacuum  in  that  half 
of  the  steam  case : — '^  by  this  means  a  power  is  added  to 
the  sLeum  equal  to  the  weight  of  the  utnionphere;  so  that^ 
when  the  force  of  the  steam  is  only  equal  to  the  prcasurv 
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of  iho  fttmospherc,  and  ihe  valves  are  six  inches  Hqiiarc, 
ihe  wheel  will  be  forced  round  by  a  power  equal  to  531  J- 
Wm.  placed  on  its  circumference/'  The  construction  of 
thia  machine  wc  need  hardly  say  would  be  impracticable. 
Friction  out  of  the  question,  the  imperfection  of  Ihe  nie- 
chanKsrn,  and  the  clumsiness  of  the  whole  engine,  are  too 
apparent  to  need  any  detail. 

Mr.  Thomas  Burgess  obtained  a  patent^  in  1789,  for  a 
netbud  of  producing  a  rotary  motion  from  the  action  of 
an  alternate  movement.  We  are  induced,  from  the  pro- 
twbility  that  few  of  our  readers  are  acquainted  with  it,  to 
^ve  il  a  place  here. 


( Burgess* s  Rotary  Motion,     1789.) 

Upon  an  axis  A,  to  which  the  rotary  motion  is  to  be 
comrannicated,  a  collar  C  is  accurately  fitted,  so  as  lo  turn 
free!)  thereupon,  and  so  secured  in  its  place  as  to  prevent 
lis  slid  in  s^  nideways  ;  round  the  collar  a  chain  or  rope  R 
w  to  be  wound;  one  end  of  the  rope  is  made  fast  to  the 
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lever  L  of  a  steam  engine,  or  other  ulternaling  moving 
power,  which  motion  may  be  horizontal,  vertical,  or  in 
any  other  direction  :  to  the  other  end  of  the  rope  a  weight 
W  in  huspciided,  which  is  to  draw  the  colhir  C  back,  in 
the  interval  between  each  i^iroke  or  inipuUe  of  the  moving 
power.  Inside  of  the  barrei  or  collar  C  iu  fixed  a  pull  or 
catoli,  P,  uhich  fulls  by  iU  own  gravity  into  the  notches  of 
the  uxle  A,  so  that,  when  it  isi  uctcd  upon  by  the  moving 
power  in  one  direction,  the  axis  A  becooies  locked  to  the 
collar,  and  the  lly  uhcel  F  id  forced  into  a  rotary 
motion.  When  the  uctioo  Lh  reversed  by  the  alternating 
motion  of  the  lever  L,  (he  collar  is  released  and  rutin  back, 
the  pull  sliding  over  the  notches  in  the  axia  without  impe* 
dinient,  the  original  rotary  motion  continuing  in  the  fly 
wheel,  by  the  impetus  given  it  at  every  alternate  stroke  of 
the  lever. 

This  machine  needs  no  comment ;  it  h  infinitely  inferior 
to  the  crank  which  was  in  use  prior  to  the  date  of  thid 
patent :  it  is,  notwithstanding,  very  ingenious  ;  and,  fifteen 
or  twenty  yearo  sooner,  might  have  been  considered  at  a 
convenient  and  useful  method  of  obtaining  the  desired 
end. 

In  the  year  1790,  Mr.  J.  Uramab,  of  Piccadilly,  (author 
of  the  pamphlet  addressed  to  Chief  Justice  Ryre,  from 
which  we  have  made  copious  extracts,)  and  Mr.  Thonaas 
Dickinson,  of  Bedworth  Close,  County  of  Warwick, 
jointly  obtained  a  parent  for  three  rotative  engines. 

In  the  subjoined  engraving,  fig.  1.  represents  the  plan  of 
one  of  these  engine**,  and  fig.  2.  a  section.  A  A  and  UR 
show  the  end^  of  two  short  cylinders  or  rings  of  diflerent 
diameters,  one  placed  in  the  centre  of  the  other.  C  is  the 
channel  or  circular  ^roove,  formed  between  the  two  cir- 
cles. l*he  ends  of  the  cylinder  or  ring  B  B  are  shut  up  by 
two  flat  plates  D  Dy  as  shown  in  the  section;  to  these 
plates  is  joined  an  axis  or  spindle  E  E,  which  axu  or 
spindle  passes  through  the  ends  or  caps  F  F,  which  enclose 
the  ends  of  (he  cylinder  or  ring  A  A,  and  which  is  made 
air*tight  by  means  of  a  stulling  box  in  the  usual  way.  By 
this  axis   or  spindle  the  cylinder   or   ring   B  B  may  be 
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furnpfl  round  from  witliuut,  any  external  power  being 
applied  fitr  tluit  purpose;  or  ihisi  Rxis  or  spindle  may  Ik* 
iipplied  to  ^ivu  motion  to  aikv  other  mucliine,  nhrn  the 
cylinder  B  U  is  turned  round  by  uuy  power  or  fiirco  acting 
from  within.  In  the  cylinder  or  rin^  B  B  are  5xed  two 
sliders,  G  G,  crosning  each  other  at  ri^^bt  anj^'les  in  the 
centre,  where  they  are  notched  or  half  Hpliced,  so  far  ns  to 
allow  them  to  slide  backwards  and  for  ward*,  as  much,  at 
leaal^  as  the  diameter  of  the  channel  or  groove  C.  The 
length  of  each  of  these  uliderM  in  erjitnl  to  the  diameter  of 
the  cylinder  or  ring  B  B,  ami  one  diitrnetor  of  the  channel 
or  groove  C,  and  the  width  in  erjual  to  the  height  of 
the  channel  or  groove  C;  so  that  the  points  which  pcrfo* 
rate  the  extremity  of  the  cylinder  or  ring  B  B,  when  they 
are  punhed  out  into  the  channel  or  groove,  may  rntirely 
fill  the  same,  similar  to  a  pinton  working  in  a  common 
cylinder;  in  order  that,  when  the  cylinder  B  B  i;*  turned 
round,  the  channel  or  groove  may  be  by  that  part  of  the 
slider  totally  swept  or  emptied.  In  thui  channel  or  groove 
is  fixed  the  partition  H,  which  tills  the  same  in  that  part, 
and,  by  its  being  fitted  against  the  periphery  of  the  wheel 
B  B,  prevents  the  pavsage  of  any  fluid  that  way  round  the 
channel,  when  the  cape  or  ends  arc  screwed  down.  On 
each  side  of  the  partition  H  is  Oxed  a  rib  I  I,  or  piece  of 
such  a  shape  as  to  perfectly  lit  the  circle  B  B,  one  quarter 
of  its  circumference,  between  the  dotted  lineal,  2;  and 
(ho  remaining  part  is  continued  in  a  fihape  inclining  to  th« 
circle  of  the  greater  cylinder  A  A,  with  which  it  forms  an 
easy  junctnre  at  the  quartile  pointA,  3,  4.  When  the  cy- 
linders B  B,  with  the  sliders,  are  turned  round  in  either 
direction,  the  inclined  parta  of  the  riba  1  1  force  the  oppo- 
site end  of  the  Hlidera  G  G,  successively  into  their  channel 
or  groove,  where  they  are  obliged  to  remain  during  one 
quarter  of  the  revolution,  being  kept  in  that  position  by 
the  circular  part  of  the  rib  between  1  and  2.  K  M  are 
two  piped  of  any  required  diameter,  which  may  be  inserted 
into  the  channel  or  groove,  in  any  direction  the  situation 
of  the  machine  may  require,  between  the  points  II  3  and 
II  4,     The  sliders  aro  rendered  sufficiently  tight  at  their 
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jujiclion  with  the  channel,  by  means  of  oakum  or  any 
other  flexible  rnatcriul  being  forced  into  the  cavities  made 
for  that  purpose  at  the  parts  L  L  L,  and  also  the  partilioa 
II  in  the  same  way.  The  cylinder  or  ring  B  D,  being 
thus  armed  with  the  sliders,  and  (he  caps  or  ends,  F  F, 
screwed  on  by  the  flanches  at  A  A,  the  machine  is  complete, 
ond  ready  for  action.  Now,  supposing  that  through  the 
pipe  K  a  shaft  of  water,  steam,  or  any  other  fluid,  from 
any  considerable  height,  is  admitted  into  the  channel  or 
j^ove  C,  it  would  immediately  force  against  the  slider 
projected  in  the  channel  as  at  N,  and  also  against  the 
fixed  parliliou  11 ;  which  partition,  preventing  its  passage 
that  way  to  the  evacuation  pipe  M,  where  the  spent  water 
is  discharged,  the  next  slider  in  succession  has  passed  or 
covered  the  junction  of  the  ascending  pipe  K,  so  that  each 
sttcceasit'C  slider  receives  the  pressure  before  it  is  done 
acting  on  the  former;  by  this  means  a  uniform  rotation 
is  maintained  in  the  cylinder  B  B,  and  its  velocity  will  be 
equal  to  the  descent  of  the  water  in  the  pipe  K,  and  its 
force  equal  to  the  speciiic  gravity  of  the  same.  Thus  this 
machine  may  be  worked  by  steam,  condensed  air,  wind,  or 
any  other  elaistic  or  gravitating  fluid,  for  the  purpose  of 
working  mills,  or  any  other  kind  of  machine  or  engine 
whatsoever,  they  being  properly  connected  with  the  axis 
orspindlc  £  E;  and  when  any  power  b  externally  applied 
to  the  said  axis,  which  may  turn  the  machine  in  any  direc- 
liMi,  it  becomes  a  complete  pump;  possessing  all  the 
properties  of  every  other  sort  of  hydraulic  engine  whatso- 
ever, by  applying  the  pipes  K  and  M  accordingly;  and  it 
baa  also  much  advantage  over  every  other  kind  of  pump, 
aft  the  fluid  pumped  is  kept  in  constant  motion  both  in  the 
suction  and  ascending  pipes.  This  machine  may  be  fixed 
either  in  a  horizontal  or  vertical  direction.* 

It  will  be  perceived  that  the  machine,  for  which  Mr. 
Jub  Rider  recently  obtained  a  patent,  resembles  this  in 
principle.  The  point  in  which  Mr.  Rider's  diflers  from 
it,  'j»  in  his  sliders  being  more  in  number,  and,  instead  of 
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croi^in^  each  other,  arc  formed  of  shorter  plates  not 
reaching  to  the  axis.  The  excessive  friction  of  this  um- 
chine  would  be  a  sufficient  reason  for  Its  nl>andnnmrnt; 
bc*side»  which,  the  cross  sliders,  O  G,  woiiltl  in  time  hi^niino 
8o  worn  at  their  enda,  that  the  ribs,  1  I,  would  not  be  able 
to  force  them  against  thut  part  of  the  cylinder  nppcMtite  the 
pritjection  II,  so  as  to  stop  the  passage  of  the  steam. 

In  the  annexed  engravings,  fig.  J.  re presentH  another 
plan  of  a  rotative  engine  in  the  tmmc  patent,  where  the 
sliders  are  stationed  in  the  periphery  of  the  outer  cylinder, 
and  the  water,  steam,  or  other  fluid,  paRses  first  into  t 
Buiuller  or  inner  cylinder,  previously  to  its  producing  iCa 
eift^ct  in  the  cliannel  or  groove,  as  in  the  other  example. 
A  is  the  end  of  a  hollow  smaller  cylinder,  placed  in  the 
centre  of  the  larger  cylinder  B;  the  cylinder  A  is  fixed 
on  an  axis  or  spindle  C,  us  in  the  section.  D  D  is  the 
channel  or  groove,  formed  between  the  outer  surface  of 
the  cylinder  A,  and  the  inner  surface  of  the  cylinder  0; 
to  the  cylinder  A  is  fixed  a  wing  or  fan  E,  of  n  projection 
sufiicient  to  till  and  act  in  the  channel  D  D  as  a  ptston, 
when  A  is  turned  round  by  the  axis  or  spindle  (',  so  as  io 
Bweep  the  contents  of  the  channel ;  or,  when  any  force  h 
applied  on  one  side  of  its  surface,  it  will  cause  the  cylinder 
A,  and  the  axis  or  spindle  C,  to  be  turned  round.  The 
cylinder  A  is  left  open  at  both  ends,  which  pass  through 
the  end  plates  into  the  caps,  and  is  fitted  water-tight  in 
the  junctions.  In  or  about  the  middle  of  (he  cylinder  A 
is  a  chamber  or  partition,  uhich  divides  the  upper  eod 
from  the  lower;  H  H  are  two  sliders,  stationed  at  oppo* 
site  points  in  the  periphery  of  the  outer  cylinder  B,  where 
there  are  cells  projected  as  at  I  I,  to  rrcrivc  them  and 
allow  their  motion.  These  sliders  are  moved  by  the 
small  spindles  K  K  passing  through  stuffiiii;  boxes  in  the 
usual  way.  Thoy  are  ultimately  opened  and  shut  by  half 
the  rotation  of  the  inner  cylinder,  by  means  of  a  wheel 
with  an  eccentric  groove  fixed  on  the  axis,  as  L  L.  In 
this  groove  move  two  friction  wheels^  which  being  joined 
to  the  Blidrrs  by  a  connecting  bar,  the  sliders  H  II  ara 
opened  and  shut,  by  the  axis  C  turning  round,  so  that  one 
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{Bramcih  and  Dickinsoti's  Engine.     1790.) 

oflfic  sliders  \l  H  is  always  close  shut  against  (he  cylin- 
der A,  wrLiUt  the  other  is  opening  to  let  the  wing  or  fan 
[UK,  which  is  again  shut  before  the  passive  slider  begins 
\U  motion.     The  machine  being  thuit  complete,  suppose 
Ihat,  at  a  pipe  O,  a  current  of  water,  steam,  or  other  lluid 
Uling  force,  was  admitted  into  the  cap  whilst  the  machine 
isinits  present  position,   it  would  immediately  fall  into 
Ite  upper  cavity  of  the  cylinder  A,  and,  passing  through 
tbe  aperture  into  the  channel  D,  would  press  against  the 
wing  or  fan  E,  on  the  one  side,  and  against  one  of  the  sli- 
tlcrs  H  H,   on    the  other;  which   slider   not   giving  way 
would  cause  the  wing  or  fan  E  to  recede,  and  turn  round 
ihe  cylinder  A  with  its  axis  C;   which  axis,  turning  the 
wheel  with   the  groove   L  L,  would  cause   the   opposite 
slider  to  begin  its  motion  ;  so  that  by  the  time  the  wiifg  or 
fiin  E  reaches  the  station  of  the  slider,  it  is  totally  drawn 
back  iuto  its  cell,  so  as  to  permit  the  wing  or  fan  E  to  pass 
ivithout  interruption;  and,  by  the  continued  motion  of 
the  machine,  the  slider  is  again  shut,  before  that  slider  on 
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which  the  (luid  is  prcHHii)^  bop^inH  to  move;  so  thai,  when 
the  first  slider,  a^ninst  which  the  water  or  fluid  is  still 
pressing-,  is  opened,  the  pressiure  is  then  the  aanic  between 
the  other  slider  and  tho  win^  or  fun  E;  and  the  spent, 
fluid  between  the  two  slidera  immediately  rushes  through! 
t)io  lower  aperture  into  the  bottom  of  the  rxlindtft:  A,  and 
iH  carried  off  in  that  way  to  the  open  air:  thus  a  uniform 
rotation  will  bo  maintained,  as  in  the  former  example.* 
This   engine   ia   remarkable    for  simplicity ;    and    if  % 

•metallic  packing;  had  been  at  that  time  known,  it  mij^kt 
bave  approximated  to  a   useful  rotative  engine.     Am  it 

I  was,  it  would  be  impossible  to  make  hempen  packinn^  pas 
over  the  grooves  for  the  sliders,  without  being  speedily 
torn  out;  and  also  it  would  be  very  difiiicult,  if  not 
absolutely  impostfible,  to  keep  the  sliders  H  against  the 
internal  cylinder  A,  as  at  each  stroke  the  sliders  would 
rebound  from  it ;  and  not  being  kept  close  by  the  force  of 
the  steam,  as  in  many  rotative  engines,  would  noon  become 
loo0e  at  the  joint!^  and  thereby  ineffective. 

The  following  diagram  represents  another  method  bf 
which  MessrH.  Bramah  and  Dickinson  purpo<ied  to  obtain 
a  rotative  motion.  A  is  a  smaller  wheel  or  cylinder, 
armed  with  cross  sliders,  fixed  in  a  larger  one  B,  boC^ 
instead  of  its  axis  being  stationed  in  the  centre  of  B,  at 
in  the  previous  instances,  it  is  moved  as  much  eccentric  aa 
to  cause  the  periphery  of  A  to  rub  against  the  aide  of  B, 
as  at  C;  this  causes  the  channel  or  groove  L>  O  D,  to  be 
formed  of  tho  shape  which  appears  in  the  6gure.  The 
inacr  surface  of  the  wheel  or  ring  B  is  not  pi'rfcclly  cylin- 
drical, but  is  a  curve  of  such  a  shape  as  would  be  deacftbed 
by  the  points  of  the  sliders  E  F  being  of  equal  len|^h  in 
the  revolution  of  the  wheel  A  ;  or,  in  other  words,  of 
such  a  shape  as  would  occasion  all  the  four  points  of  the 
said  klidcrs  to  be  in  constant  contact  therewith.  The 
dotted  lines  G  O  show  two  grooves  or  cavities,  through 
which  the  water,  steam,  or  other  fluid,  containrd  between 
the  point  C  and  either  of  the  apertures  of  the  pipes  il  aad 


Repertory  of  Art*. 


nRAMAH  AND  I>ICKlNSOI«*S  EVOINES 


113 


I,  passes  into  eilher  of  the  said  pipes  ;  which  water,  steam, 
or  olher  fluid,  would  otherwise  be  pinned  up  by  the  slider 
and  stop  ihe  motion  of  the  machine  when  turned  in  eilher 
direction.* 
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{Bramah  and  Dickinson^s  Engine.     1790.) 

Tliis  machine  would  be  liable  to  the  same  objections  at 
(he  first.  On  the  whole,  these  contrivances  display  great 
ingenuity,  and  may  be  justly  considered  to  rank  as  high  as 
an)  that  have  since  been  proposed  ;  indeed,  there  are  few 
rotative  engines  which  do  not,  in  principle,  somewhat 
resemble  these;  therefore  we  conclude  that,  had  the 
g^eniu9  of  the  inventor  or  inventors  been  exercised  when 
mechanical  experience  had  been  more  advanced,  they 
might  in  all  probability  have  effected  that,  which  is  so 
threat  a  desideratum  among  modern  engineers. 

Mr.  James  Sadler,  of  Oxford,  in  1791,  obtained  a  patent 
for  a  rotative  engine,  which  the  following  drawing  and 
deetcription  may  serve  to  illustrate.  The  steam  generated 
in  Ihe  boiler  is  conveyed  through  the  pipe  r,  into  the 
spindle  or  axis  of  the  rotative  cylinder  a  6,  which  is  made 
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steam-tight  by  working  in  a  stufKng-boy.  The  steam 
passes  along  the  arms  of  the  revolving  cylinder,  nearly  to 
its  ends,  nhere  it  meets  a  jet  of  cold  water,  iittroduoed 
from  the  hollow  axis  by  the  small  pipe  x.r;  (his  conden 
sing  water  falls  from  the  revolving  cylinder  into  (he  bot 
torn  of  (he  rase,  whence  it  is  conveyed  through  a  pipe,  awl 
is  discharged  by  openings  made  in  the  ends  or  sides  o 
another  cylinder,  moveable  in  a  horizontal  direction, 
giving  it  a  rotatory  movement,  in  the  same  manner  a« 
Barker's  mill.  The  jet  of  cold  water,  from  the  pipes  x.r, 
having  condensed  the  steam,  produces  a  re-action,  and  the 
cylinder  a  b  acquires  a  rotative  movement.  The  inner 
case  is  steam-tight ;  and  the  outer  case  serves  the  same 
purpose  with  the  jacket  in  the  reciprocating  engines. 
Another  mode  of  action  is  suggested  by  Mr.  Sadler  to  be 
had  by  lilting  (he  case  (in  which  the  arms  revolve)  with 
steam,  which  would  cause  them  to  revolve  by  the  preiHure 
it  would  produce  in  being  condensed  in  entering  the 
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This  engine  is  Heroes  in  another  form,  and,  like  il« 
ineffective  toy. 
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The  Rev.  Edward  Cartwri^ht's  scheme,  for  which  he 
ubiained  a  patent  in  1797,  was  very  ingenious  His  object 
was  to  procure  a  ti^ht  piston,  and  a  condenser  in  which 
tbf  steam  was  exposed  to  a  larg^e  surface  of  water. 

The  condeniiation  is  effected  by  two  metal  cylinders, 
placed  one  within  the  other,  and  having  cold  water 
flowing  through  the  inner  one,  and  inclosing  the  outer 
one.  Thus  the  steam  is  exposed  to  the  greatest  possible 
surface  in  a  thin  sheet.  Mr.  Cartwright  likewise  has  a 
valve  in  the  piston,  by  which  a  constant  communication  is 
kept  up  between  the  cylinder  and  condenser,  on  either  side 
of  the  piston  ;  so  that  any  steam  improperly  entering  the 
cUinder,  is  instantly  exposed  to  the  condenser,  whether  in 
tke  ascending  or  descending  stroke.  By  this  contrivance, 
ileum  that  may  escape  past  the  piston  will  be  Immediately 
condensed,  and  the  vacuum  thereby  preserved.  This  was 
considered  to  be  a  decided  advantage  over  the  general 
mode  of  arranging  the  valves,  which  does  not  always  pro- 
vide for  the  restoration  of  a  vacuum  destroyed  by  the 
imperfection  of  the  packing. 

'*  Id  the  following  figure,  the  piston  b  moving  in  the  cylin- 
der a,  has  its  rod  prolonged  downwards  ;  another  piston  d 
is  attached  to  it,  moving  in  the  cylinder  c,  and  which  may 
W  also  considered  as  a  prolongation  of  the  steam  cylinder. 
Tbe  steam  c)linder  is  attached  by  the  pipe  g  to  the  con- 
denser, placed  in  cold  water,  formed  of  two  concentric 
circular  vessels,  between  which  the  steam  is  admitted  in  a 
ihin  sheet,  and  is  condensed  by  coming  in  contact  with  the 
cold  sides  of  the  condensing  vessel.  The  water  of  con- 
densation falls  into  the  pipe  e.  To  the  bottom  of  the 
j  cylioder  i,  a  pipe  m  is  carried  into  a  box  n,  having  a  Hoat- 
Itall  0,  which  opens  and  shuts  the  valve  p^  communicating 
<*ith  the  atmosphere:  a  pipe  q  is  also  fitted  to  the  box. 
Thc're  is  a  valve  placed  at  i,  opening  into  the  cylinder  c; 
another  at  «,  also  opening  upwards.  The  pipe  s  conveys 
•team  from  the  boiler  into  the  cylinder,  which  may  be  shut 
by  the  fall  of  the  clack  r.  ^  is  a  valve  made  in  the  pis- 
Ion  6. 
L      **  In  ihi*  figure,  the  piston  6  is  shown  as  descending  by 
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the  elasticity  of  the  steam  flowing  from  the  boiler  through 
f;  the  piston  r/,  being  attached  to  the  same  rod,  is  also 
descending.  When  the  piston  b  reaches  the  bottom  of  the 
cylinder  a,  the  tail  or  spindle  of  the  valve  jfc  being  pressed 
upwards,  opens  the  valve,  and  forms  a  communication 
between  the  upper  side  of  the  piston  and  the  condenser; 
at  the  same  moment  the  valve  r  is  pressed  into  its  ecal  by 


(/)e  descent  of  (he  cross  arm  on  ihe  pisltm,  wliicli  prevents 
liii' further  admis^iiin  ofBti'tim  frum  Hio  l>oilor;  thisalloiva 
life  piston  to  be  drawn  up  tu  the  top  of  the  cylinder,  by 
the  momentum  of  the  Hy- wheel  2,  in  a  n(ui-resi$tln)^ 
medium.  The  piston  d  is  also  drawn  up  to  the  top  of  r, 
and  the  valve  i  is  raised  by  the  condensed  water  and  air, 
vfaich  have  accumulated  in  e,  and  in  the  condenser  //.  At 
the  monaent  when  the  piston  has  reached  the  top  of  the 
cylinder,  the  valve  k  is  pressed  into  \U  place  by  the  pin  or 
tail  strikins:  the  cylinder  cover;  and  at  the  same  time  the 
piston  b  striking  the  tail  of  the  valve  r,  opens  it;  a  com- 
munication is  a^ain  established  between  the  boiler  and 
piston,  and  it  is  forced  to  the  bottom  as  before.  By  the 
descent  of  the  piston  cf,  the  water  and  air  which  were 
under  it  in  the  cylinder  c,  being  prevented  from  returning 
into  the  condensing  cylinder  by  the  valve  under  a,  arc 
driven  up  the  pipe  m,  in  the  box  n,  and  arc  conve}ed  into 
the  boiler  again  through  the  pipe  q^  The  air  rises  above 
the  water  in  a,  and  when,  by  its  ;iccuniuiation,  its  pressure 
is  increased,  it  presses  the  jloat  o  downwards;  this  opens 
the  valve p,  and  allows  it  to  escape  into  the  atmosphere/* 

This  most  in^eniftus  machine,  it  appears,  was  tried  first 

at  Cleveland  Street,  Mary-le-bonne,  and   afterwards  at 

Horaleydown,  at  both  of  which  places  it  is  said  to  have 

j^iireii  great    satisfaction.     These   trials  must   have    been 

iBuch  more  decisive  than  any  opinion;  and  although  we 

have  not   been  able  to  ascertain   further  respecting  the 

»ucGes&  of  the   engines  when   put   in   practice,   than   the 

Mmple    fact    of  their   having  been    approved    of  by   the 

respective  proprielont,  our  own  judgment  warrants  a  con- 

rlusion,  that  this  plan  is  admirably  adapted  to  he  applied 

where  a  umall  engine  is  necessary.  The  mode  of  condensa- 

sion  adopted  by  Mr,  Curtwright   was  considered   to    be 

liable  to  great  objection  previously  to  experiment ;  so  nuicl. 

so,  that  one  of  the  greatest  engineers  (his  country  evci 

produced,  was  heard  to  state  it  as  his  opinion,  thai  ^^were 

it  pipe  to  be  laid  across  the  Thames,    the  conden.sution 

would  not   be  r|uick  enough  to  work  a  steam  engine  with 

ita  full  cifect/'     It  was  shovvn^  however,  when  tried,  that 
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this  opinion  was  incorrect,  as  the  condennation  waa  %ery 
rapid,  and  the  vacuum  tolerably  i^ood. 

Not  (he  least  ingenious  part  of  Mr.  Cartwright*ii  patent 
was  the  metallic  piston,  which  has  been  of  late  years  very 
generally  used.  Thouj^h  this  kind  of  piston  ia  now  some* 
what  differently  modified  from  hi^,  yet  he  is  entitled  to  iba 
merit  of  having  first  introduced  it  into  use.  It  has  been 
found  to  answer  extremely  well,  and  frequently  works  fnr 
years  without  needing  any  attention,  and  merely  requiring 
4o  be  kept  well  greased. 


42^ 
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Mr.  Cartwright's  conisists  of  two  rings  of  brass,  of  the 
full  size  of  the  cylinder,  which  are  cut  into  segments,  as 
shewn  at  /  /  /,  and  laid  one  above  the  other,  so  as  to 
break  joint*  The  Joints,  therefore,  in  the  under  ring  are 
shewn  by  dotted  lines  in  the  figure;  and  being  thus  disposed, 
the  two  rings  are  necured  in  their  places  by  a  top  and  bot- 
tom plate,  to  which  the  piston  rod  is  fixed.  The  segments 
ore  pushed  against  the  cylinder  by  steel  springs,  shewn 
at  R  71. 

A  rotative  engine  is  also  described  in  this  specification; 
but  we  apprehend  that  practical  difficulties  would  prevent 
its  being  ever  carried  into  execution.  The  axis  D  in  the 
following  cut  is  fixed  in  an  internal  drum  or  cylinder,  to  the 
periphery  of  which  are  attuclied  the  three  pistons  H  11  H. 
which  entirely  fill  the  channel  formed  between  the  interior 
and  exterior  cylinders  ;  dd  are  two  valves  or  flaps,  which, 
when  shut  into  the  cavities,  form  o  portion  of  the  exterior 
cylinder,  but  n  ben  open  (as  ilra»n)  serve  as  Abutment  to  re- 
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eeire  the  action  of  the  stean))  which  boiog  introduced  from 
the  boiler  through  iHe  pipe  E,  and  consequently  between 
ihe  open  flup  r/,  and  one  of  the  pistons  H,  when  the  same 
p'nton  ha^  passed  the  lower  flap  d,  it  also  opens  and  re- 
ceive* (he  action  of  the  steam,  which  enters  through  G,  bo 
that  the  6aps  may  at  all  times  relieve  each  other,  without 
interrupting  the  operation.  Mr.  Cartwright  does  not 
describe  bow  these  pistons  and  valves  are  to  be  made,  or, 
bein^  made,  how  they  are  to  be  kept  tight.  Two  methods 
only  arc  known,  namely,  hempen  or  metallic  packing  ;  the 
first  would  be  soon  destroyed  by  the  boles  in  the  sides  of 
the  exterior  cylinders,  formed  for  a  communication  with 
ihe  boiler  and  condenser,  by  means  of  the  pipes  E  F  G, 
and  metallic  packing  would  here  require  too  much  nicety 
and  expense  to  be  generally  useful.  But  this  is  not  all ; 
the  friction  of  the  interior  drum  would  far  exceed  that  of 
the  common  engine,  which  it  was  intended  to  supersede; 
ikud  the  flaps,  d  dj  would  be  liable  to  knock  themselves  to 
pieces  by  the  frequent  striking  against  the  drum,  as  they 
arc  thrown  forward  by  the  external  machinery. 


{CariwrighVs  Hoiaiive  Engine.     1797). 
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Mr.  Jonathan  Hornblower^s  Rotative  Engine  (for  whicli 
a  patent  was  obtained  tii  1798)  displays  much  ingenuity. 
The  vessel  in  which  the  Mean)  operaten  consists  of  a 
hollow  cylinder,  compoHcd  of  two  unequal  parts,  ihc 
smaller  section  of  which  is  screwed  olT and  on,  for  the  pur- 
pose of  rectifying  and  repairing  the  internal  fltructure. 
These  parts*  are  cost  HPpurale,  and  then  screwed  together, 
iirm  and  close,  by  nieanH  of  tianrhes.  They  are  then 
covered  with  lidn  turned  also  Irne,  and  form  a  figure 
rraenibling  a  drum.  A  Z  are  two  tubes,  which  pasit 
through  the  central  openings  in  the  lid«  of  the  drum, 
meeting  each  other  at  B.  a  6  r</,  are  the  interior  litnitf 
of  those  tubes,  on  the  inside  of  the  drum,  which  are  con- 
ifidernbly  larger  than  at  A  Z  in  their  diameters  ;  the  use  of 
which  is,  that  there  shall  be  a  proper  cavity  at  c/^  ^  ^^  I 
receive  a  packing  of  tow  and  grease,  or  any  other  mate- 
rials answering  the  purpose,  between  that  particular  part 
and  the  end  of  the  drum  ;  and  also  the  frames  of  the  dia* 
phragms  C  C,  may  have  the  firmer  holdiuji;  1o  the  hollow 
axl(M  or  tubes  at  D,  D,  leaving  the  parts  of  the  diaphragin 
pendent  at  i  k.  The  dotted  lines  show  the  interior  limits 
of  the  drum,  when  the  diaphragms  are  in  their  places; 
between  which  and  the  extremities  of  the  diaphragms 
there  ia  a  proper  rabbet  to  receive  the  packing,  and  be- 
tween the  pendent  part  of  the  diaphragms  and  the  central 
hollow  tube  about  which  it  revolves.  This  rabbet  is 
formed  by  means  of  plates  of  metal,  screwed  on  to  the 
frame  of  the  diaphragms,  having  their  edges  nearly  in 
contact  with  the  inner  surface  of  the  drum,  and  will  be 
found  accerBible  to  repair  or  renew  the  packing,  when  the 
pannel  which  constitutes  a  part  of  the  drum  is  removed. 
The  parts  e/g  h  may  also  be  repaired  at  the  same  time,  by 
means  of  removing  two  screws  at  each  end  of  the  hollow 
tube.  The  diaphragms  (which  arc  here  standing  in  oppo- 
site directions)  may  therefore  freely  revolve  the  one  al'ier 
the  other,  or  one  may  move  whilst  the  other  remains  sta* 
tionary.  The  Inbrs  to  which  they  are  attached  will  hara 
their  concentricity  preserved  by  means  of  the  solid  axl<^ 
within  the  hollow  one  at  E,  fig.  2,  which  is  fixed  to  the 
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The  tliaphrajt^ms  are  completed  when  the  plates  are 
scrrwcd  on  ;  in  tht^e  plates  are  iixed  two  valves  G,  oppo- 
BJIe  to  which  are  two  others,  one  in  each  diaphragm,  no 
corresponding,  that  at  ihe  opening  of  one  the  other  U 
closed,  and  vic€  vtrsa.  These  vaUcs  are  balanced  and 
held  in  trunnions,  so  that,  in  every  situation  of  the  dia- 
phragms, they  may  uniformly  obey  the  impuUo  by  which 
they  arc  opened  and  t^hiit  :  the  manner  in  which  that  14 
e^'ected  is  as  follows  : — the  two  diiiphragms  uideu  toward* 
their  extremities  in  the  manner  o(  radii,  (see  fig.  9,}  and 
uiav  therefore  be  brought  into  sutbcient  contact  to  forc« 
open  the  valves  by  means  of  prominences  on  thoni  for  the 
purpose. 

To  explain  thi»  manner  in  which  the  diaphragms  arc 
wrought  upon,  when  in  their  proper  place,  let  fig.  2.  re- 
present one  end  of  the  hollow  cylinder  or  drum,  and  ibc 
central  circles  exhibit  the  hollow  lubes  or  axles  already 
explained.  The  two  diverging  parts  are  the  ends  of  the 
diaphragms,  and  are  packed  as  before  mentioned;  now« 
these  diaphragms  are  hollow  within,  and  if  we  consider  one 
of  ihi'Mi  to  be  constantly  supplied  with  steam  by  means  of 
the  hollow  tube  to  which  it  is  connected,  and  the  other 
continually  holding  communication  with  the  condensin;; 
water,  the  consequence  will  be,  when  steam  is  admitted 
through  a  valve  into  the  le^iser  apartment  of  the  drum,  and 
another  valve  opens  from  the  omptv  diaphragm?*  into  the 
larger  apartment,  that  tho  diaphragms  will  recede  from 
each  other,  with  all  the  force  of  the  steam  between  tbcoi: 
but  if,  by  proper  prevention,  ihey  can  more  only  in  one 
direction,  it  is  plain  that  the  one  will  remain  stationary  till 
overtaken  by  the  other;  their  junction  will  then  shift  the 
valves  into  contrary  positions  by  meuns  of  (he  prominent 
parts  in  them  for  that  purpose,  and  the  apartment,  before 
filled  with  steam,  instantly  becoming  empty,  the  dia- 
phragm which  was  before  stationary  no^v  becomes  active, 
and  the  momentum  of  the  former  may,  in  effect,  he  consi- 
dered as  transferred  to  the  latter.  There  being,  therefore^ 
iu  these  parts  of  the  machine,  a  continual  motion,  by 
rapidly  succeeding   each   other   in   a   circular    direction^ 
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Ibtfir  respectiie  axles  on  which  ihey  turn,  and  which 
coniiuunicate  motion  to  other  machinery  without  the 
dram,  are  influenced  in  the  same  manner,  agreeably  to  the 
main  principles  herein  primarily  sel  forth. 

In  order  that  the  ^team  t^holl  have  a  power  of  turning 
the  diapbras^ms  only  in  one  direction,  let  fig.  1.  represent 
une  oflbe  lids  of  the  drum,  having  the  side  that  is  faced 
true  on   the  opposite  direction   to  that  exhibited  in  the 
drawing';  in  this  is  a  circular  channel,  G  G,  and  a  pro- 
jecting ring  P,   which  serves  as  a   perpetual   fulcrum  to 
support   the  two   levpi-s,  C,  D,  that  occasionally  revolve 
in  the  channel,  and  act  as  detents.     The  outer  boundary 
of  the  channel  also  acts  as  a  fulcrum  to  the  extremity  of 
(he  two  levers  at  their  thick  ends;  so  tliat,  when  they  are 
acted  upon,  from  their  connexion  with  the  axles  turning 
them  to  the  right   hand,  by  means  of  a  strong  collar  E, 
there  will  be  no  impediment  to   their  freely  revolving  in 
the  circtilar  channel;  but,  when   the   axles  strain  upon 
the  small  ends  of  the  levers  in  a  contrary  direction,  they 
litotantly  become  fixed  so  firmly  between  the  two  bounda- 
ries of  the  channel,  as  effectually  to  resist  the  whole  force 
uf  the  machine.     To  provide  against  the  least  retrograde 
Qiotiun  whatever,  when   the  levers  may   be   partly   worn 
from  friction,  they  are  furnished  with  springs  between 
Ihcm  and  the  outer  extremity  of  the  channel,  30  that  the 
two  bearing   points  nmy  at  least   touch  their  respective 
fulcrums.* 

In  this  specification,  the  method  by  which  a  continuous 
circular  motion  is  obtained,  by  the  alternate  action  of  the 
diaphragms,  is  not  shown.  This  may  be  obtained  by  an 
apparatus  similar  to  that  represented  at  fig.  1.,  or  by  pulls 
attached  to  the  outer  end  of  the  shaft  and  tube,  acting 
upon  a  ratchet,  which  is  fixed  to  the  fly-wheel  shaft ;  in 
the  latter  case,  the  palls  would  successively  take  hold  of 
>he  ratchet  as  the  other  had  ceased  to  act,  and  turn  round 
Ihe  fly  wheel,  whilst  the  stationary  are  held  firmly  by  the 
apparatus  (fig.  J.)  at  the  other  end  of  the  drum. 
The  objection   to  this  machine  appears  to  be  that  the 
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two  diaphragms  c  would  soon  destroy  each  other:  fot 
whilst  one  remained  stationary,  the  other,  havinc;  no 
check,  would  strike  forcibly  against  it :  now,  to  retard  (his 
check  would  be  to  produce  an  irregular  motion  ;  becau'^e  a^ 
the  motion  is  communicated  directly  to  the  external  ma- 
chinery^ any  decrease  in  the  speed  of  the  diaphragm  would 
also  produce  a  decrease  ofspeed  in  the  machine  through- 
out;  and  if  the  speed  of  the  diaphragm  be  kept  up,  it 
would  strike  violently  against  that  one  which  is  at  resl. 

Mr.  Matthew  Murray,  of  Leeds,  a  gentleman  whose 
name  will  be  familiar  to  roost  of  our  readers  as  a  steam 
engine  manufacturer  of  celebrity,  obtained  a  patent,  ia 
1799,  for  saving  fuel  and  lessening  the  expense  of  engines. 
lie  proposed  to  effect  the  6r5t  object,  by  having  a  small 
cylinder  upon  the  boiler,  to  which  he  fitted  a  piston  and 
rack:  this  rack  worked  a  wheel  upon  a  spindle,  which 
spindle  passed  through  the  chimney^  where  was  a  damper, 
which  had  free  liberty  to  turn  round.  As  the  steam 
increased  in  the  boiler  be)ond  the  neceasary  force,  it 
forced  up  this  piston  and  rack,  which  acting  upon  thtt 
spindle,  closed  or  partially  closed  the  damper,  and  therebf 
le^ssened  the  draught  of  the  6re,  by  which  the  coosumption 
of  the  coal  was  reduced,  until  the  superfluous  stean  was 
wrought  out  of  the  boiler,  when  a  weight,  which  bad  bees 
wound  up  by  the  rise  of  the  piston,  descended,  and  allovrd 
the  damper  to  return  to  its  fonner  pooition.  t 

The  other  object,  oamely,  decrease  of  cost,  we  will  gtv« 
in  the  words  of  the  specification.  ^  I  cause  the  slewn  or 
atflHMpbere  to  act  upon  pistons  moving  in  long  pipes  or 
cylinders,  lying  in  a  horizontal  direction.  These  piyaR 
may  be  sqnare  or  round,  and  of  any  length  reqnirMl,  Wl 
■iwst  lie  ia  a  horixontal  direetioa,  which  is  the  prtacipla 
kere  stated.  B%  which  contrirance^  a  more  coaresteai 
Botion  can  be  applied  to  mill  work,  aod  a  Mtt^  loMor 
stroke  can  be  obtained  tban  in  tbe  nsnal  way-  j 

^  Nent,  I  cause  tbe  pktoiks  Moviag  in  tbe  abo>v«  P>^ 
or  cylimlen,  by  tbetr  reoprocatiag  aotiott,  to  prodsev  m 
cireslar  or  rotative  mocioii  of  eqoal  power^  by  mco«s  of 
screvs,  racks,  and  wbeek,  applted  io  smA  a  aMsaer  ^  «■ 
caaae  tbr  power  of  tbe  es^iae  to  £x  allervatdj  tW  m 
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Figis.  I.  rikI  2.  are  two  liori/ontal  cylinders,  conUiniag 
pistons;  M  M  the  piston  rods-  Figs.  J  1,  inieU  for  ibc 
steam  from  (he  boiler  and  ntinosphero ;  2tf,  outlets  for  the 
condensed  steam  or  atmosphere  ;  N,  a  rollrr  for  hrarinf 
the  piston.  These  pipes  or  cylinders  must  be  firmly 
fixed  down  to  a  stone  platform,  or  iron  cistern,  or  any 
kind  of  firm  and  secure  fixing. 

O  (fi<r>  1-  &»d  ?.)  it*  a  rack,  fixed  to  the  pinton  rod  M, 
and  moving  upon  the  roller  P;  Q  is  a  socket  wheel  with 
leeth,  working  in  the  rack  O;  the  inside  of  the  socket 
wheel  Q  is  screwed  to  fit  the  middle  of  the  axlelree  ;  R  1^ 
and  R  2,  (Hg.  1.)  are  plain  wheels,  put  loose  on  the  square 
of  the  axletrec;  at  S  I  and  S  2  are  tooth  wheel»^  put 
loose  upon  the  round  part  of  the  nxletree.  T  T  are  plain 
wheels^  acting  as  abutments,  put  fast  upon  the  axictree. 
On  an  axletree  or  rotative  shal\,  for  giving  motion  to  the 
mill  work,  are  fixed  the  wheels  V  and  W;  X  a  small  fly 
wheel,  for  regulating  the  motion. 

Now  the  etlVct  or  motion  of  this  machine  is  that  when 
the  piston,  and  piHton  rod,  and  rack  O,  are  impelled  by  the 
steam  or  atmosphere  in  the  direction  of  the  arrow,  the 
■ocket  wheel  Q,  turns  upon  the  screwed  part  of  the  axle- 
lree, and  with  its  ends  presses  (by  the  force  or  power  of 
the  engine)  the  loose  wbeel  S  1  between  the  wheetn  R  and 
T,  by  which  meiins,  the  wheel  V  is  turned  with  (he  sane 
velocity  as  the  screwed  wheel  Q,  while  the  wheel  S  1?  is  at 
liberty  upon  the  axle;  in  which  situation  the  whole  con- 
tinues, till  the  piston  arrives  at  the  end  of  (he  long  pipe 
orcylinder.  When  the  piston  is  changing  motion  and  going 
in  the  contrary  direction  to  the  arrow,  the  rack  O  turns 
the  wheel  Q  in  the  opposite  direction,  nets  at  liberty,  by 
the  former  means,  the  wheel  S  I,  and  fa*<lens  the  wheel 
8  ?,  which  gives  the  same  motion  to  the  wbeel  W,  by 
means  of  the  intermediate  wheel  B.* 

Nearly  the  same  objections  may  be  urged  against  tht« 
method  of  getting  a  revolving  motion,  as  have  been  staled 
to   exist   against    Mr.  Hornblower^B    revolving    engine; 
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umely,  that  the  motion  of  the  piston  must  be  uniform 
throughout,  because  any  decrease  in  the  speed  of  the  pis- 
ton must  also  decrease  thcHpeed  of  the  fly  wheel.  There- 
fore, as  the  motion  of  the  fly  wheel  must  necessarily  be 
uniform,  it  follows  that  the  sudden  reversion  of  the  stroke 
uf  the  piston  must  cause  a  violent  shock  to  the  whole 
machine. 


U 


.^, 


(Murdoch's  Engine.     1799.) 


Mr.  W.  Murdock,  of  Redruth,  in  Cornwall,  obtained  a 

patent  in   1799,  for  a  better  method  of  boring  cylinders, 

tod  for  casting  the  steam  case  of  Watt's  engine  in  one 

entire  piece,  to  which  the  top  and  bottom  of  the  cylindci 

are  attached.     lie  also  proposed  to  cast  the  cylinder  and 

steam  case  of  one  piece  of  considerable  thickness,  and  bore 

a  **  cfflindric  interstice'*   between  the  case  and  cylinder, 

leaving  them  attached  at  one  eud ! !  !     In  another  part,  he 

proposes  to  simplify  the  construction  of  the  valves  of  the 

condensing  engine,   by  connecting   the    upper  and  lower 

.     valves  so  as  to  work  with   one  spindle  or  rod;  the  rod 

I     Hhich  connects  them  being  tubular,  answers  as  an  educ- 

■     tlon  pipe  to  the  upper  end  of  the  cylinder. 
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But  the  most  notable  invention  here  described  '.4  a  rota- 
tive engine,  which  consists  of  two  toothed  wheeU  working 
into  each  other,  and  fitted  into  a  double  case,  re»emblio^ 
(wo  cylinders  with  a  segment  cut  ofF  each,  a  h  (page  127) 
lire  the  two  axes  upon  which  the  twu  whceU  D  D  are 
fixed.  The  teeth  are  supposed  to  bo  packed  at  the  pnrtsi 
in  contact  with  the  exterior  c\ Under.  The  teclh  which 
are  in  contact  are  so  fitted  as  to  prevent  any  escape  in  thai 
direction.  Steam  being  introduced  at  the  pipe  r,  a  rota- 
tive motion  would  be  produced;  but  the  construction 
would  be  so  defective,  and  the  friction  so  great,  as  totally 
to  prevent  its  ever  answering  in  practice.  At  the  same 
time  we  ought  to  correct  an  erroneous  opinion  which 
m.'inyhave  formed  respecting  this  machine,  namely,  that  il 
would  not  move  at  all ;  it  being  thoui^ht,  that  as  the  surface 
of  the  Leeth  ee  is  as  great  as  that  of//,  consequently  there 
would  be  us  great  a  tendency  tu  turn  one  way  as  auotbi^r, 
and  therefore  no  motion  would  be  produced.  But  it  will 
be  seen  that  us  the  teeth  e  e,  though  individually  of  equal 
superficies  with  //,  overlap  each  other,  the  surface  pre- 
sented to  the  action  of  the  steam  is  only  equal  to  one 
tooth,  therefore  the  effect  of  the  steam  (without  calculat- 
ing friction)  would  be  one  half  of  the  real  force. 

The  next  invention  we  have  to  describe,  will  conclude 
our  account  of  every  modification  of  the  steam  engine, 
possessing  genuine  merit,  uith  which  our  researches  have 
enabled  us  to  become  acquainted,  up  to  the  end  of  the 
eighteenth  century. 

In  the  year  ISOO,  Mr.  Phineas  Crowther,  of  Newcastle 
upon  Tyne,  oblained  a  patent  for  a  method  of  dispensing 
with  the  beam  of  reciprocating  engines,  by  placing  the  fly 
wheel  imniedintely  above  the  piston,  a  represents  the 
cylinder;  6  6  the  parallel  motion;  and  c  the  connectmg 
rod.  The  principle  will  be  seen  by  a  slight  inspection  of 
the  annexed  drawing,  without  further  explanation.  Mr- 
Crowther  constructed  several  good  engines  on  this  plan, 
which  were  found  to  succeed  very  well. 


(Crowther't  Engine.     1800.) 

The  Rev.  Edward  Cartwright  obtained  a  patent  fcir  a 
Portable  Engine,  in  1801,  of  which  ibe  following  is  a 
description. 

It  consisU,  first,  in  so  disposing  the  different  parts  of  the 
rtoiia  engine,  as  that  the  boiler,  the  cylinder,  the  fly 
*W1,  and   all  the  moving  partn  of  the  engine,  shall  be 
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embraced  by,  comprehended  within,  or  attached  to  a  fuinie 
erected  upon  the  boiler,  and  so  conneeted  together  us  to 
make  one  whole  or  perfect  ntuchine ;  so  coinpdct  us  l»  be 
easily  portable;  and  requiring  no  further  troiiblr  and 
expense,  after  it  is  finished  at  the  manufactory,  than  to 
praee  it  upon  the  dre,  when  it  will  be  immediHtoly  ready 
for  the  office  for  which  it  is  intended  ;  for  this  pur|>o<*e,  it 
vtill  be  mo9t  convenient  to  miike  the  boilor  obhtnjr,  nnd 
siraight-sided,  nhh  a  Hut  Inp,  placins^  the  cylinder  within 
the  boiler;  a  pot^iiion  which  has,  indeed,  been  alrrady  M 
adopted  by  otherti,  (hough  for  a  diAcrcnt  purpose.  The  ' 
frame  extendi  lengthways  on  the  sides  of  the  boiler,  and 
may  project  a  little  beyond  that  end  of  the  hoiler,where  are 
fixed  the  air-pump  and  condeniter.  To  the  part  of  the 
frame  ho  projecting,  the  air-pump  and  condenser  inav  be 
attached  or  suspended.  Across  the  frame  is  an  axle,  with 
a  pulley  upon  if,  round  which  t^oes  a  chain  or  strap,  to  tbe 
top  of  the  piston  rod.  Upon  this  axis  is  a  crank,  fritm 
which  goes  a  connecting  rod  to  a  lever,  King  horizontally 
on  the  top  of,  or  alongside  the  boiler.  Besides  (ho  axin 
above-mentioned,  there  is  another  axis  lying  across,  <'ither 
immediately  above  or  below,  or  on  one  side,  of  the  former 
one.  Upon  this  axis,  which  h  the  axh  of  the  fly  wheel,  i% 
a  crank,'  from  which  goes  a  connecting  rod  (o  the  8.im^ 
lever  that  was  spoken  of  before. 

Now  it  is  evident,  that  when  the  pulley  is  put  in  inoiioia 
by  the  action  of  the  piston,  the  crank  upon  it4  axis  will 
move  the  crank  upon  the  axis  of  the  fly  wheel,  as  they  are  ■ 
both  connected  to  (he  same  lever.  If,  therefore,  (he  pulley 
be  made  to  move  in  a  direction  from  A  to  D,  (see  ftg.  J.) 
and  back  again,  by  the  action  of  the  piston,  and  its  coun*  ■ 
terweight;  and  if  the  crank  upon  \t%  axis  move  in  th6 
name  direction  likewise,  the  crank  upon  the  axis  of  the  fly 
wheel  will  also  do  the  same,  unlens  it  be  made,  as  it  tnoKt 
be,  of  such  a  determinate  length  as  that,  when  it  roacbe* 
the  extremity  of  its  motion,  it  can  pass  forwards;  in  thai 
raHe,  a  rotatory  motion  is  produced  on  (he  fly  vibecL 
Again,  if  the  crank  upon  the  axis  of  the  pulley  be  so  din- 
|iomm1,  as  (hat   when   the   pulley  moves  from  A   to  B, 
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nny^ivon  point  of  tlio  piilloy  pusHos  ifu^  crnnk,  will  give 
two  vibrations  (o  the  lever  for  one  stroke  of  the  enginCi 
Hhirh  will  give  two  revolutions  of  tlio  fly  wheel  in  ibfl 
same  time.  Again,  if  the  diHrneter  of  the  pnlley  lie  im» 
reduced,  as  that  the  stroke  of  the  ens^inc  shall  niuke  the 
pulley  revolve  onrc  and  a  half  round  and  buck  again,  the 
crank  will  occasion  the  lever  to  vibrate  three  times  for 
every  stroke  of  the  eng:ine.  Again,  if  the  diiiinoler  of  Um 
pulley  be  so  reduced  as  that  it  shall  make  two  complete 
rcTolutiony,  and  back  again,  f«r  one  stroke  of  the  engine, 
in  that  case^  the  crank  will  give  four  vibrationn  to  the  lever 
for  one  stroke  of  the  engine,  and  the  (1y  wheel  will  revolve 
four  times.  By  this  invention  the  fly  wheel  may  be  made 
to  run  with  any  requis^ite  velocity,  without  the  iiiterven* 
tion  of  any  kind  of  wheel-work. 

Secomlly,  For  (he  purpose  of  lessening  the  wute  of 
power,  and  regulating  the  velocity  of  the  engine,  inHlead 
of  making  the  governor  act  upon  (he  throttle  valve,  by 
causing  it  to  give  motion  to  a  wedge,  sliding  at  liberty 
backwards  and  forwards,  under  the  weight  which  keepi 
the  steam  valve  open.  If  in  any  particular  case  it  obould 
be  thought  convenient  to  have  the  fly  wheel  below,  its 
axis  must  be  placed  underneath  the  lever,  connecting  it  lo 
the  lever  by  a  rod  as  before. 

Thirdly.  When  a  reciprocating  motion  is  required 
horizontally,  the  connecting  rod  of  either  crank  is  ex- 
tended lis  fur  below  the  lever  at)  may  be  necessary,  and  at 
(he  bottom  ;  that  which  is  wanted  to  have  a  reciprccatini 
motion  hang^  to  it  in  a  joint. 

The  air-pump,  as  well  as  any  other  pump  that  may  be 
wanted^  is  worked  by  a  lever,  which  receives  action  by 
(he  piston  ;  and  to  such  lever  is  applied  the  aeceflwr^r 
counterweight. 

If  the  engine  be  a  double  one,  there  must  be  a  double 
chain  or  strap  round  the  pulley,  so  that  the  piston  may  act 
upon  the  pulley,  both  in  its  descent  and  ascent.  Or  the 
action  may  be  given  to  the  axis  of  the  crank  by  a  rack  and 
pinion, 

A|  the  c)linder. 
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B,  tlio  boiler. 

C,  pulley  put  ill  motion  by  the  piston  and  its  coun* 
irrtieight. 

0,  the  crank  upon  the  axis  of  the  pulley. 
K,  the  connecting  rod. 
F,  the  lever. 

0,  the  fly  wheel. 

H,  the  crank  upon  its  axis. 

1,  rod  connecting  it  to  the  lever  F.* 

This  engine  is  portable  and  cheap,  but,  for  ingenuity, 
we  think  it  falls  short  of  Mr.  Cartwrighl's  former  scheme. 
RacliS  and  pinions  ought  to  be  avoided,  if  possible ;  neither 
do  chains  deserve,  in  our  opinion,  greater  commendation. 
Both  these  plans  are  inferior,  in  our  judgment,  to  many 
liigiues  in  actual  use  at  the  date  of  this  patent. 

Mr.  Matthew  Murray*9  pcrtent  of  1801,  contained  more 
■critorious  and  useful  schenies  than  his  former  patent, 
voet  of  them  being  generally  in  use  at  the  present  day. 
We  shall  describe  his  ralves,  commonly  called  nozzles, 
aosBels,  or  nozleti. 

0,  in  the  following  figure,  is  the  pipe  conveying  steam 

from  the  boiler,  and   delivering   it  into  the  descending 

pipe  ;i,   which  terminates  in  the  valve  9,  opening  to  the 

lower  part  of  the  cylindeT-  by  the  side  opening  marked  iis 

a  shaded  parallelogram,  while  the  valve  r  opens  a  similar 

communication  with  the   upper  part  of  the  cylinder:  so 

that  by  the  successive  opening  and  shutting  of  q  and  r, 

»team  is  admitted  above  and  below  the  piston :  $  is  the 

toffer  end  of  the  eduction  pipe,  joining  on  to  the  condc'n- 

str,  and   this  pipe  opens   first  to  the   lower  part  of  the 

rylinder  by  the  valve  /,  and  leads  also  by  a  perpendicular 

continuation  of  the  same  pipe  v,  to  a  valve  a,  by  which  a 

ronnexion  is  formed  with  the   upper  part  ofthe  cylinder. 

The  two  apertures  into  the  cylinder,  called  nozzleft,  are 

fberefore  common  both  to  the  admission  of  steam,  and 

formation  of  the  vacuum,  which  is  regulated  wimply  by 

the  working  of  the  valves.     For  as  the  figure  now  standi, 
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(Murray's  Valves.    1789.) 

r  U  the  only  open  valve  in  the  Bteam  pipe ;  consequenltj 

Bteam  would  enter  above  the  piston  to  depress  it,  while 

vacuum  would  exist  below  it,  on  occount  of  the  vaKc 
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bi-ing  open  (o  the  condenser.   As  soon  as  (lie  piston  reaches 
the  bottom   of  the  cylinder,   the  valves  r  and  /   n»usl  be 
sLuUautl  u  and  9  opened  ;  when  thedtenin,  being  no  longer 
ablfc  to  get  through  r,  would  pa^a  down   ihe  pipe  />,  and 
enter  the  lower  part  of  the  cylinder  throngh  7;  meantime, 
e  being  open  to  the  condenser  by  the  pipe  v^  would  cause 
the  necessary  vacuum  above  the  piston  to  permit  its  ascent^ 
ntich  beiiij^  completed,  the  valves  niUHt  be  ag-ain  put  into 
the  position  shewn   in  the  ti;^ure,  to  produce  its  descent, 
and  so  on.     It  will  be  sufficient  to  state  that  these  valves 
are  operated  upon,  either  by  levers  passing  in  a  stcam- 
ti^ht  manner  through  the  side  pipes,  or  that  sometimes  the 
vpindles  ofthe  valves  are  made  to  act  one  through  the 
other  in  stuHing,  as  in  the  present  instance,  when  they  are 
worked  by  external  applications.     It  is  likewise  not  un- 
frequent  to  connect  a  steam  and  condensing  valve,  when 
ihfv  are  required  to  open  and  shut  simultaneously,  by  an 
eiternal  rod.     Motion  is  communicated  to  the  valves  in 
such  engines  as  are  without  a  fly-wheel,  by  a  rod,  or  beam, 
ittached  to  the  engine  beam,  very  near  to  the  cylinder  end 
of  it,  and  called  a  plug-tree;  this  plug-tree  is  equipped 
with  certain  adjustable  projeclion'*,  called  tappets,  which 
5'trike  the  levers  or  handles  of  the  valves,  and  thus  opi'ii 
Bud  shut  them  nl  the  proper  inlcrvuU,  as  they  rise  and  fall 
*»ilh  Ihe  beam,* 

Hv  this  most  in<renious  contrivance  no  waste  of  slenni 
Grilles, excepting  in  the  small  aperture  between  Ihe  valves; 
lh(  friction  is  likewise  much  less  than  either  slides,  cockn, 
or  indeed  any  other  kind  of  valve — the  only  resistance  to 
their  motion  being  the  pressure  upon  the  upper  side  by 
the  steam,  n  hen  in  their  seats.  Their  cost,  compared  to 
that  of  the  slide-valve,  is  much  greater;  but  as  they  are 
Dot  liable  to  wear,  and  work  with  great  accuracy,  the 
extra  expense  does  not  prevent  their  very  general  adop- 
tion for  large  engines. 

At  the  same    time  Mr.  Murray  described   a  new   air- 
pamp,  in  which  the  air  in  the  condenser  was  discharged 
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(Murray's  Air-Pump,     1801.) 

from  the  air-pump  without  an  effort  to  open  the  valves,  or 
preas  through  a  body  of  water,  and  in  which  the  air  and 
water  were  discharged,  separately,  in  different  ways;  this 
he  effected  by  diBcharging  the  air  alone  by  one  bucket,  «n4 
the  water  alone  by  another,  or  by  an  eduction  pip^  of 
twenty-eight  feet  in  length.  A  represents  the  condenser; 
B  the  air-pump  ;  C  the  air  piston  ;  D  the  air  valve  which 
is  opened  and  shut  by  the  working  parts  of  the  engine,  and 


BRAMAIl  ti  nOTAHT   COCKfl. 


m 


kas an  elastic  rod  ;  K  the  vnlvo  lor*  discharging  the  air; 
F  the  exhausting  pipe,  having  a  free  communication 
betnixt  the  coadeuser  and  tiie  topof  thu  air-punip,  \t  hen 
the  %alve  D  is  open  ;  G  Ihe  eduction  pipe  ;   K  a  bucket  for 
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lifting  the  water  upwaras,  as  m  a  common  pump;  jj  a 
foot  valve  for  preventing  a  return  of  the  water  during  the 
descent  of  the  bucket  K;  M  the  barrel  of  the  pump  for 
discharging  water  alone.  This,  together  with  an  inspec- 
tion of  the  preceding  diagram,  will  serve  to  sliow  the 
Mture  of  his  invention.  The  utility  of  the  separate  dis- 
charge of  the  air  and  water  is  unquestionable;  but  whe- 
ther this  will  compennate  for  the  increased  expense  and 
complexity,  can  only  be  ascertained  in  practice.  Mr. 
Murray^s  scheme,  howe\er,  has  been  again  made  the  .sub- 
iectof  a  patent,  a  short  time  ago,  by  Mr.  George  Stephcn- 
100,  of  Newcastle. 

In  the  same  year  (1801)  Mr.  Bramuh  obtained  a  patent 
for  an  impro%'emeni  in  the  four-way  cock,  by  causing  it  to 
make  a  continuous  revolution,  instead  of  a  partial  one  (as, 
used  previously.)  By  this  method,  the  wear  was  more 
itgular,  which  rendered  the  cock  durable,  and  it  wa5  like- 
wise more  certain  and  correct  in  its  action. 

Mr.  John  Nuncarrow's  engine,  for  giving  motion  to  a 
»«(pr-wheel,  by  a  fall  obtained  by  the  power  of  steam, 
Kti  Upon  the  same  principle  as  those  of  Papin  and 
SiTery  ;  but  as  his  machine  possesses  many  great  advan- 
Ugw  over  theirs,  we  shall  ofter  no  apology  for  its  insertion. 
A  is  the  receiver,  which  may  be  made  either  of  wood  or 
Iron.  B  B  B  B  B  are  wooden  or  cast-iron  pipes;  for  con- 
'pjing  Ihe  water  to  the  receiver,  and  thence  to  the 
p^ii9tock.  C  the  penstock,  or  cistern  ;  D  the  water  wheel; 
Elite  boiler,  which  may  be  either  iron  or  copper;  F  is 
thphot  well  for  supplying  the  boiler  with  water  ;  G  G  are 
two  cislerns  under  the  level  of  the  water,  in  which  the 
small  bores  B  B  and  the  condenser  are  contained.  HUH 
islhc  surface  of  the  water  with  which  the  steam  engine 
>nd  water  wheel  are  supplied;  a  a  is  the  steam  pipe, 
lltrough  which  the  sUam  is  conveyed  from  the  boiler  to 
*i»e  receiver  :  ft  the  feeding  pipe,  for  snpjilyiitg  the  boiler 
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ilh  hot  water;  c  c  c  c  c  (he  condensing  apparatus  ;  d  d 
Ihe  pipe,  which  conveys  tlie  hot  water  from  the  condenser 
to  the  hot  well ;  e  e  «  valves  tor  admitting  and  excluding 
the  water;  //the  injection  pipe,  and  g  the  injection  cock; 
k  (he  Condenser. 

It  does  not  appear  necessary  to  say  any  thing  here  on 
the  mauner  in  which  this  machine  perforniH  its  operations 
without  manual  assistance,  as  the  method  of  opening  the 
cocks,  by  which  the  steam  is  admitted  into  the  receiver  and 
condensed,  will  be  readily  conceived,  being  somewhat 
srnilar  to  the  apparatus  for  working  the  valves  of  the 
conuion  engine.  But  it  will  be  necessary  to  remark,  that 
the  receiver,  penstock,  and  all  the  pipes,  must  be  pre- 
viously niled,  before  any  water  can  be  delivered  on  the 
uheel ;  and  when  the  steam  in  the  boiler  has  acquired  a 
ftuliciont  strength,  the  valve  as  at  c  is  open,  and  the  steam 
iinaiediately  rushes  from  the  boiler  at  E  into  the  receiver 

^  the  water  descends  through  the  tubes  A  and  B,  and 
•nd<  ihrnugh  the  valve  e,  and  the  other  pipe  or  lube  B, 
into  tbo  penstock  C  This  part  of  the  operation  being 
formed,  and  (he  valve  c  shut,  that  at  a  is  suddenly 
led,  through  which  the  steam  rushes  down  the  coiiden- 
fljijf  pipe  c,  and  in  its  passage  meets  with  a  jet  of  cold 
water  from  the  injection  cock  9,  by  which  it  i^  condensed  ; 
atacuuin  being  made  hy  this  means  in  the  receiver,  the 
water  is  driven  up  to  fill  it  a  second  time,  through  the 
valves  *  e,  by  the  pressure  of  the  externa!  air,  when  the 
^(eafn  valve  at  c  is  again  opened,  and  the  operation  re- 
peated for  any  length  of  time  that  the  machine  is  required 
to  work. 

There  ore  many  advantages  which  a  steam  engine  on 

this  construction  possesses,  beyond  any  thing  of  the  kind 

hitherto    invented ;    a    few   of  which  the   inventor   thus 

enumerates  : — 

Ist.  It  is  subject  to  tittle  or  no  friction. 

^dly.   It  may  be  erected  at  a  small  expense,  when  com* 

pared  with  any  other  sort  of  steam  engine. 
3dty.   It  has  every  advantage  which  may  be  attributed 

to  Uuultou  and  Watt's  engines,  hy  condensing  out  of  the 
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receiver,  eilher  in  the  penstock  or  at  the  level   of  the 
water. 

4thly.  Another  very  great  advantage  is,  that  the  water 

in    the    upper   part   of  the    pipe   adjoining    the    receiver 

acquires  a  heat  by  its  being  in  frequent  contact  with  the 

[steam,  very  nearly  equal  to  ihat  of  boiling  water  :  hence 

4he  receiver  is  ulviayn  kepi  uniformly  hot,  as  in  the  case  of 

Boulton  and  Watl'^  engines. 

5tbly.  A  very  small  stream  of  water  is  sufficient  to  sup* 
ply  this  engine,  even  where  there  h  no  fall;  for  all  (he 
water  raised  by  it  is  returned  into  the  reservoir  11  H  H- 
From  the  foregoing  reasons  it  would  seem  that  no  kind  of 
'Steam  engine  is  better  adapted  to  give  rotary  motion  to 
machinery  of  every  kind  than  this.  Its  form  is  simple, 
and  the  materials  of  which  it  is  composed  are  cheap;  the 
power  is  more  than  equal  to  any  other  machine  of  the 
kind,  because  there  is  no  deduction  to  be  made  for  fric* 
tion,  except  on  account  of  turning  the  cocks,  which  is  but 
trifling. 

But  it  ^ihould  be  observed  on  the  other  hand,  that  one 
o£  the  properties  of  this  machine,  enumerated  by  the  in* 
yentor  as  an  advantage,  would  be  found  rather  a  defect 
than  otherwise;  we  allude  to  the  water  in  the  upper  part 
lof  the  pipe  being  heated  by  the  steam.  For  though  less 
fiteani  would  bo  lost  by  condensation,  yet  it  should  be 
remembered  that  it  is  impossible  to  form  a  vacuum  on  the 
surface  of  boiling  water.  The  only  way,  (hercfore,  that 
the  water  could  be  raised  up  the  column  B,  would  be  by 
the  condensation  in  C  being  more  rapid  than  the  steam 
could  be  generated  from  the  boiling  water  in  B.  But  we 
apprehend  steam  would  be  generated  thus  almost  as  quickly 
as  it  could  be  condensed,  and  therefore  the  operation  of 
niting  B  would  prove  very  slow.  The  addition  of  a  non- 
conducting lloat  might  probably,  in  part,  obviate  this 
objection. 


Mr,  Oliver  Evans,  of  America,  whose  claim  to  the  in- 
vention of  the  Steam  Boat  will  be  noticed  in  its  proper 
place,  succeeded  in  constructing  several  extreme!)  simple 
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and  poircrful  steam  eni^incs;  (Iip  g;eneral  principle  of 
uliich  will  be  sufficiently  explained  by  the  subjoined  de- 
scription. 

In  the  annexed  figure,  A  is  the  boiler^  B  the  working 
cjlinder,  C  the  lever  beam,  D  the  fly  wheel,  E  the  cistern 
or  condenser,  F  the  cold-water  pump,  G  the  supply  pump, 
II  the  tire-place,  I  the  chimney  flue,  K  the  safety  valve, 
which  may  be  loaded  with  from  100  to  150  lbs.  to  the  inch 
area;  it  will  never  need  more,  and  it  must  never  be  fast- 
mrd  down. 

Th©  boiler  being  filled  with  pure  water  (rain  or  dia- 
Ittlcd)  as  hi^h  as  the  dotted  line,  and  the  fire  applied,  the 
fimoke  enters  the  centre  flue,  which  passes  through  the 
centre  of  the  water  to  ascend  the  flue  I,  and  thus  acts  on 
a  lsrg;«  fturface. 

WbcQ  the  steam  lifts  the  safety  valve,  it  is  let  into  the 
cylinder  by  opening  the  throttle  valve,  and  drives  the 
piiton  up  and  down,  which,  by  the  rod  1,  gives  motion  to 
tlif  riy  wheel;  and  the  wheel  2  gives  motion  to  a  shaft, 
paQing*  through  the  supports  of  the  cylinder  to  turn  the 
tpindle  of  the  rotary-valves,  3,  8,  which  lets  the  steam  both 
into  and  out  of  the  cylinder,  at  the  proper  time. 

The  steam,  escaping  by  the  pipe  4,  curved  backwards 

and  forwards  in  a  zigzag  form,  and  immersed  in  the  water 

inihe  cistern  E,  (which  i^^  supplied  by  the  cold-water  pump 

Fj  i«  condensed ;  and  the  distilled  water  formed  thereby 

deuendiv  by   the  pipe  5,  into  the  supply  pump  G,  and  is 

forced  into  the  boiler  again  by  the  pipe  6. 

But  as  boiling  disengages  air  from  the  water,  so  the 

'      «liifting-valve,  7,  is  necessary.     This  valve  lifts  at  every 

paff  of  the  steam,  and  a  small   quantity  escapes;   it  then 

iUis^  and  a  vacuum  is  instantly    formed,  as  the  crank 

I      puRcs  the  dead  points. 

L  The  small  waste  of  water  may  be  replaced  by  condensing 
H  Vfttcr  in  the  cistern  E,  and  causing  it  to  run  down  the 
I  pipe  G,  through  a  hole  in  the  key  of  a  stop-cock,  one-32d 
■  purl  of  an  inch  in  diameter;  a  small  hole,  indeed,  to  supply 
H  lUoiler  of  a  steam  engine,  of  twenty  horses'  power. 
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In  1801,Mewr«.  John  and  James  Robertson,  of  Glasgow, 
obtained  a  patent  for  an  improved  steam-engine,  the  form 
of  which  differs  little  in  construction  from  many  other 
mifines,  except  that,  in  place  of  one  working  cylinder,  in 
ihese  ihece  arc  two ;  in  this,  the  lesser  cylinder  (n)  is  placed 
pn  the  top  of  the  larger  (w),  and  made  fast  to  it.  To  each 
cylinder  there  is  fff^iston  fitted,  which  are  connected  to- 
f^etber  by  a  cylinder.  t>:  or  this  cylinder  is  so  made  as  to 
have  the  pistons  in  one  piece  with  it.  This  cylinder  is 
niai!«>  so  that  it  may  nearly  (ill  the  small  cylinder  n;  that 
iifthat  it  may  work  up  and  down  so  that  the  external  sur- 
fiue  of  the  one  may  not  rub 
<m  the  internal  surface  of  the 
othitr.  The  steam  and  con- 
ducting pipes,  with  (he  valves, 
ireexplaiiied  in  the  accompa- 
nying diUgram  and  following 
dttcription  of  the  operation 
of  the  engine: — 

"Let  the  working  handles, 
with  the  ralves,  be  placed 
tn  fiocb  a  tuanner,  that  steam 
from  the  boiler  may  have 
(ne  access  through  the  pipes 
and  cylinders  into  the  con* 
(Imxin^  vessel,  to  free  the 
whole  of  the  air,  as  in  the 
ttiital  manner.  When  this  is 
done,  the  engine  is  set  to  work 
by  the  valves  b  and  c  being 
•hot,  and  by  that  of  a  left 
open,  and  water  let  into  the 
coodensing  vessel  C,  when  a 
vatuuni  takes  place  in  it  by 
crtpan.^  of  the  condensation  of 

!ibc«ieain,  and  aho  in  the  un- 
der part  of  the  large  cjlin- 
der  Di,  below  its  pillion  (there 
being  a  communication  from  (^^A..  icJ.s.Rob,ri4on'4E.gi^e,  isoi) 
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condensing  vuS'iel   by  the  pipe  F) ;  at  the  Baroe  time  Um 
sICMin  from  the  boiler  has  free  accetw  through  the  pipe  A^ 
and  valve  a  into  the  stnall  c\ Under  »,  above  itspititnn  A,  and 
exerts  its  force  upon  il,  and  presides  it   downwards  nith  at 
much  force  as  in  the  usual  manner.     But  as  it  is   found, 
frnni  experience,  that  a  considerable  quantity  t^scapes  past 
the  piston  :  this  piston  is  in  part  detained  by  the  secondary 
piston  g,  and  exerts  it^i  force  on  that  part  or  annular  section 
5  <  that  is  contained  betwixt  the  cylinders  m  and  D,  and 
uaists  in  forcing:  the  whole  downward^};  nliile,  at  thcsam^ 
time,  the  steam  which  is  lodged  in  this  annular  spaice  MMf 
and  around  (he  cylinder  D,  prevents  so  great  a  quantify 
from  escaping  past  the  first  piston,  as  would  otherwise  be 
the  case   where   there   is  no   secondary   piston,  and   the 
vacuum  is  much  more  complete  below  the  first  piston,  con- 
sequently there  is  a  greater  power  produced  from  a  smaller 
quantity  of  steam  than  uith  a  single  piston.     During  iht 
lime  of  the  piston *s  descent,  the  steam  valve  a  is  shut,  and 
the  elasticity  of  the  steam  w  ithin  the  cylinders  carries  the 
pistons  forward   to  near   the  bottom  of  these  cylindcnty 
when  the  valves  6  and  c  are  opened  by  the  handles  and 
plug-work   admitting  the  steam   to  pa«»  from   the  upper 
dides  of  both  pistons  through  the  pipes  B  and  E  to  the 
condensing  vetisel  C,  while  the  counter-weight  at  the  other 
end  of  thu  beam,  or  this  connected  with  a  fly  wheel  raiite* 
the  pistons  again,  when  the  valves  6  and  c  are  shut,  aad 
that  of  a  opened  by  the  plug- work,  when  the  engine  raakef 
another  stroke   as  before.     The   piston   rod   R  join*  ibc 
working  beam   in  any  of  the   usual  modes,  and   in  other 
rcsspects  the  engine  is  much  (he same  us  in  common  practice.'* 
The  same  specification  describes  a  m  -vst  ingenioiiA  method 
of  constructing  the  furnace,  by  which  the  smoke  wa«  par- 
tially consumed,  invtead  of  being  discharged  as  hitherto 
through  the  chimney.     Messrs.  Iloberlson  have  the  credit 
of  being  the  first  who  succeeded  in  this  project.     After  the 
adoption  of  this  plan,  several  mnnufaelurers,  for  not  u*iiuE 
the  improvement,  had  their  H<irks  indicted  aa  nuisances 
as  the  smoke  incommoded  n)an)  neighbourhoods  so  murh* 
Ib.il   Mome   majiutactories  were  ritupped  on  ac< 
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Tbe  invention,   in    principle,  consists  in   suppl)fing-  lli: 
buniing  fuel  more  fully  with  air,  having  thin  fuel  more  in 
bod)  together,  and  a  \es3  quantity  in  combustion,  at  the 
me  lime,  than  what  usually  takes  place  in  other  furnaces, 
which  are  applied  to  the  same  uses;  in  supplying  the  fuel 
with  a  portion  of  fresh  air,  admitted  from  an  opening  made 
.for  that  purpose,  and  directed  in  such  a  manner  as  it  may 
Hcome   iu  contact  with  the  smoke,  from  the  kindling  coal 
^pad  great  heat  of  the  furnace  together  ;  and  the  fuel  l>eing 
Bmre  fully  supplied  with   air,  and  con<tequently   a  greater 
degrees  of  heat  taking  place,  and   the  smoke  and  fresh  air 
onttiDg  in  the  great  heat,  the  smoke  is  inflamed,  and  ren- 
dered  useful  in  adding  to  the  heal  of  the  furnace;  besides, 
^Ikis  portion  of  fresh  air  is  so  conducted  as  to  act  partly  on 
the  kindltitg   or  kindled  fuel,  and  raising  it  to  a  greater 
degree  of  heat  after  it  has  served  its  purpose,  by  uniting 
with  and  inflaming  the  smoke;  and  therefore  is  employed, 
in  some  mea^iure,  usefully,  even  after  the  coal  has  ceased 
totmoke  ;  secondly,  to  the  above  may  be  added,  the  frame 
ofthe  furnace,  which  is  so  constructed  that  the  full-kindled 
fuel  13  kept  backward  in  the  furnace,  while  the  fresh  coal 
lies  before,  and  is  more  gradually  kindled'than  if  intro- 
duced farther  among  the  full-kindled  fuel,  while  the  heat 
of  the  furnace  is  little  injured  or  damped  by  the  introduc- 
l»oft  of  freith  coal,  as  is  more  fully  described  afterwards. 


'  ^  ''H  &  Jas.  Robertson  s  Smoke-consuming  Furnace,  1801.) 
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The  coal    is  admitted   into   the   furaace  by  a  hopper, 
feeder,  or  mouth-piece  A,  made  of  caiit  irori,  but   which 
may   be  made  of  other   materials,  aod   inclined    to  (he 
horizon;  <^o  that  the  coal  in  it  i»ay»  in  some  measure,  fail 
into  the  fire-place  above  the  bars,  as  the  fuel  is  consumed  ;  in 
the  upper  part  of  thia  hopper,  feeder,  or  moutb-piece,  it  a 
plate  a,  placed  at  u  small  distance,  or  from  about  three- 
eighths  to  three-fourths  of  au  inch  from  the  upper  i^ide  uf 
the  hopper,  betwixt  which  plate  and  the  upper  plate,  or 
side  of  the  hopper,  a  stream  of  air  rushes  downward  oo 
the  fire,  at  an  angle  of  45  d«;grces  to  the  horizon,  wbick 
stream  of  air  assists  in  consuming  the  smoke,  as  be&>rc 
mentioned,  and  more  fully  described  hereafter.    B  is  a  sec- 
tion of  the  bars,  which  are,  in  general,  a  little  inclined  to 
tbe  horizon,  as  iu  the  figure,  in  order  that  the  fuel  may  more 
easily  fall,  or  be  pushed  backwards  in  ihe  furnace;  at  c  i$ 
nn  openin*;  above  the  bars,  and  below  the  lower  end  of 
(he  hopper,  which  is  in  general  fitti^d  with  a  grated  door 
or  doors,  which  open  for  the  more  convenient  cleansing  of 
the  furnace;  and  the  grated  form  of  the  doors  is  albo  de- 
signed for  admitting  air  into  the  fuel,  as  well  as  at  (be 
bars,  consequently  the  air  is  more  concentrated  in  the  mid- 
dle of  the  burning  fuel,  and  produces  a  greater  heat  than 
if  admitted  oi>Jy  betwixt  the  bars;  this  grated  form  of  ihe 
doors  is  very  convenient  for  the  admission  of  a  poker  or 
instrument  for  pushing  backward  the  kindled  fuel,  whilr 
(he  fresh  coal,  or  that  which  is  not  so  well  kindled,  falls 
to  supply  its  place.  In  some  modifications  of  these  furnaces, 
the  opening  below  the  lower  end  of  Uie  hopper,  and  above 
the  fore-end  of  the  bars,  is  letl  without  doors  at  all;  at 
this  opening  it  is  convenient,  when  the  fire  is  mended,  to 
push  the  coal   from  the  foreside  backward,  as  nienlioned 
above,  or  it  may  be  pushed  backward  with  a  hooked  poker, 
P,  by  applying  the  hooked  part  of  it  through  the  furnace 
burs  below;  by  either  of  which  nieanii  the  kindled  coals 
are  put  backwards,  while  (he  fresh  coal,  or  that  which  i» 
not  so  well  kindled,  falls  down  to  supply  their  place;  that 
is.  the  coals  in  the  situation  c,  are  pushed  towards  cf,  while 
ihoM  in  the  situation  /  fall  down  to  supply  (he  place  of 
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llio^e  which  were  driven  from  c  towards  d\  by  such  mcantf 
the  strength  or  hent  of  the  Hre  is  not  much  damped  by  the 
totroduction  of  fresh  coal,  and  the  coala  which  have  fallen 
from/lowards  c  are  not  so  rapidly  kindled,  as  if  introduced 
ahovc  (he  burning  fuel ;  at  the  same  time  the  smoke,  which 
ansea  from  these  newly-introduced  coal^  passes  partly 
through  the  full  kindled  coal  and  partly  over,  and  in  con- 
tact with  the  great  heat  of  the  burning  fuel,  and,  meeting 
at  the  same  time  with  the  current  of  fresh  air  coming* 
downwards,  and  tending^  also  to  drive  the  smoke  still 
nearer  to  the  bright  kindled  fuel,  does,  in  general,  com- 
|i1etely  inflame  the  smoke,  and  render  it  useful  in  adding 
to  the  heat  of  the  furnace. 

Another  end  obtained  by  the  stream  of  fresh  air,  is  to 
keep  in  some  measure  the  great  heat  of  the  furnace  froiu 
Mting  so  violently  on  that  part  of  the  hopper  which  is 
nearest  it,  and  mostly  exposed  to  its  heat,  and  liable  to  be 
dsmsged  thereby,  which  it  does  by  the  continual  current 
of  fresh  cool  air  that  is  in  contact  with  Ihckse  parts.  The 
construction  of  the  furnace  may  be  much  varied,  but  the 
chief  improve;nents  are,  that  the  fuel  in  combustion  is 
supplied  with  air  by  the  foreside  as  well  as  by  the  bars; 
the  hopper  is  placed  in  such  a  situation  that  the  kindled 
t)r  unkindted  coal  may  in  part  fall  to  the  foreiDide  of  the 
fomacc  abore  the  hai*s,  as  the  other  fuel  is  pushed  back- 
ward in  the  furnace,  and  the  admission  of  fresh  air  to  pass 
over  the  burning  fuel  by  means  of  a  definite  space  or 
ipceft,  opening  or  rt|>enings,  made  for  that  purpose;  so 
tfcat  this  stream,  curreiii,  or  currents  of  air,  partly  come 
in  contact  with  the  burning  fuel  itself,  forcing  also  the 
nuoke  into  more  immediate  union  with  the  burning  fuel 
"■d  grcttt  heat  of  the  furnace.  The  success  of  the  furnace 
^endsalso  in  a  considerable  degree  upon  what  is  called 
Ihe  dravg^ of  the  furnace;  that  is,  the  chimney  and  flues 
Areso  constructed,  that  a  sufficient  current  of  air  may  pays 
through  the  fire  to  bring  it  to  a  proper  degree  of  heat; 
alfK),  that  the  current  of  fresh  air  may  have  such  force  as 
to  come  pretty  much  in  contact  with  the  burning  fuel,  and 
*t)  rcnvey  the  smoke  along  with  it  tlirou^b  ihc  b.jtkNt  of 
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the  flume  :  if  this  be  not  the  case,  the  smoke  will  not  be 
completely  consumed  in  these  furnuces.  The  hopper 
allowed  to  be  kept  as  full  of  coab  as  possible,  and  cithei 
ivholly  or  in  part  small  coal,  so  as  to  prevent  air  oh  muc 
118  poifsible  o^ctting  in  by  that  paiisa^e  ;  this  must  be  aU 
tended  to,  irhen  the  furnace  is  in  its  ordinary  working  state] 
yet  sometimes  it  is  necessary  to  keep  this  openinj^  of  tN 
hopper  either  wholly  or  in  part  open,  when  there  is  littli 
heat  wanted. 

The  utility  of  this  scheme  was  sufliciently  proved  by  tb4 
very   general    adoption   which   followed    its    publication, 
The  combustion  of  smoke  is  now  established  as  not  onl] 
practicable,  but  economical,— it  being  a  fact,  that  all  thfl 
smoke  discharged  from  a  chimney  is  but  so  much  good  fuclg 
which  wants  only  the  proper  application  of  air  to  rendei 
it  useful.     It  is  ecjually  true,  that   the  flame  which  ia  fre< 
quently  at  the  top  of  furnace  chimneys  has   no  existence 
but  at  the  top ;  while  ascending  the  flue,  it  U  merely  deam 
smoke,  consisting  of  azote  of  the  atmospheric  air,  decom* 
posed  in  passing  through  the  Are  ;  of  hydrogen,  cbal-tar, 
nnd  carbonaceou^i  matter,  of  such  a  high  temperature  ibit 
It  only  wants  oxygen  to  make  it  inflame  spontaneously ; 
this  it  obtains  from  the  atmospheric  air,  into  which   it  as- 
cends, and  then  presents  such  appearances  as  would  make 
a  hasty  observer  adopt   the   opinion,  that  the   flame  had 
fiscendod  »s  flame  from  the  fuel  in  the  furnace,  which  is  by 
no  means  the  case. 

Messrs.  Trevithick  and  Vivian's  High-Pressure  Engint 
(patented  in  1 802)  has  been  found  the  most  compact,  simple} 
and  effective  engine,  perhaps,  ever  known.  In  an  early 
part  of  this  work  reasons  are  given  for  the  superiority  of 
high-pressure  over  condensing  engines  ;  and  we  shall  ooly 
now  say,  that  Messrs.  Trevithick  and  Vivian's  engine  baiy 
of  all  others  on  this  principle,  obtained  the  highest  repu- 
tation. 

^^A,  (flg.  I.)  represents  the  boiler,  made  of  a  roiuid 
figure,  tr  hear  the  expansive  action  of  •iirongfsteam.  The' 
boiler  is  fixed  in  a  case,  D,  luted  inside  with  fire  clay,  the 
lower  pari  of  which  constitute'^  the  fire-place,  B,  and  tha 
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upper  cavity  affords  a  space  round  ihe  boiler,  in  which  the 
fl'mc  or  heated  vapour  circulates  till  it  comes  to  the  chiu- 
■ifv*  E.  The  case,  D,  and  the  chimney  are  Gxed  upon  • 
platform,  F,  the  case  being  supported  upon  four  legs  ;  C 
rfprrsents  the  cylinder,  inclosed  for  the  most  part  in  the 
UtWfr^  having  its  nozzle,  steam-pipe,  and.bottom^  ca«t  all 
mono  piece,  in  order  to  resist  ihe  ^tronj;  steam,  and  with 
ibesockcU  in   which  the    iron   uprights  of  tb*^  g  eternal 
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frame  are  firmly  fixed.  G  represents  a  cock  for  coiuliictini 
the  titcam,  aa  may  be  more  clearly  seen  by  observing;  fig>*^ 
which  is  a  plan  of  the  top  of  the  cylinder.  6,  Figs.  1  and  2, 
represent   the  passage  from   the   boiler  to  the  cock,  G; 
this  pasage  has  a  throttle  valve,  or  shut,  adjustable  l>j  a 
handle,  so  as  to  wiredraw  the  steam,  and  sufier  the  soppW 
(o  be  quicker  or  slower.     The  position  of  the  cock  in  such, 
that  the  communication  from   the  boiler,  through   6,  bv  ft 
channel  in  the  cock,  is  made  good  to  d,  which  denotes  the 
upper  iipace  of  the  cylinder  above  the  piston,  at  the  same 
time  (hat  the  steam   pipe,  a,  (more  fully  represented  in 
Fig.  I.)  13  made  to  afford  a  passage  from  the  lower  space 
in    the   cylinder   beneath    the  piston   to   the   channel,  C, 
through  which  the  steam  may  escape  into  the  outer  air,  or 
he  directed  or  applied  to    heating  fluids,  or  other   useful 
purposes.     It  will  be  obvious  that,  if  the  cock  be  turned 
one  quarter  of  u  turn  ia  either  direction,  it  will    make  a 
communication  from  the  boiler   passage,  6,  to   the  lower 
part  of  the  cylinder,  by  or  through  a,  at  the  same  time  that 
the  passage  r,  from  the   upper  part  of  the  cylinder,  will 
communicate  with  C,  the  passage  for  conveying  off  the 
steam.     P  Q  is  a  piston  rod  moving  between  guides,  and 
driving  the  crank,  R  8,   by  means  of  the  rod,  Q  R,  the 
axis  of  which  crank  carries  the  fly,  T,  and  is  the  first  mover 
to  be  applied  to  drive  the  machinery  at  S.    X  Y  is  a  double 
snail,  which  in  its  rotation  presses  down  the  small  ulieel  O, 
and  raises  the  weight,  N,  by  a  motion  in  the  joint,  M,  of 
the  lever,  O  N,  from  which   dnwnwards  proceeds  an  arm, 
M  L,  and  consequently  the  extremity,  L,  is  at   the  same 
time  urged  outwards.     This  action  draws  the  horizontal 
bar,  L  I,  and  carries  the  lever   handle,  H  I,  which   moves 
upon  the  axis  o{  the  cock,  G,  through  one-fourth  of  a  cir- 
cle.    It  must  be  understood  that  H  I  is  fore-shortened, 
(the  extremity,  I,  being  more   remote  from  the  observer 
than  the  extremity,  H,)  and  also  there  is  a  clack  or  ratchet 
wheel  on  the  part,  H,  which  gathers  up  during  the  time 
that  L  is  passing  outwards,  and  does  not  then   move   the 
cock,  (i,  but  that,  when  the  part  X,  of  the  Huail  opposite 
O,  that  is  to  say,  when  the  piston  is  about  the  top  of  its 


HIOII-PRBSSURE   ENGIITE. 


tsi 


stroke,  then  the  wheel,  O,  suddenly  falls  into  the  conca\ily 
of  the  snail ;  and  the  extremity  of  L,  by  its  return,  at  onve 
pushes  I  H  through  the  quarter  circle,  carries  with  it 
the  cock,  G,  and  turns  the  steam  upon  the  top  of  the  pis- 
ton^ and  also  affords  a  passag^e  for  the  steam  to  escape  from 
l>eneath  the  piston.  Every  stroke,  whether  up  or  down, 
produces  (his  effect  by  the  half  turn  of  the  snail,  and  re* 
rerses  the  steam  ways,  as  before  described ;  or  the  cock 
may  be  turned  by  various  well-known  methods,  such  as  the 
plag  with  pins  or  clamps  striking  on  a  lever  in  the  uiual 
way,  and  the  effect  will  be  the  same,  whether  the  quarter 
turns  be  made  backward  or  forward,  or  by  a  direct  circu- 
lar motion,  as  is  produced  by  the  machinery  here  repre- 
seoted  ;  but  the  wear  of  the  cock  will  be  more  uniform  and 
re^lar,  if  the  turns  be  all  made  in  the  same  way/ 

The  same  specification  likewise  describes  a  very  simple 
and  ingenious  method  of  giving  motion  to  the  fly  wheel,  by 
making  the  piston  rod  of  an  inflexible  bar,  and  connecting 
it&t  once  with  the  crank.  The  cylinder  and  boiler  are 
allowed  to  vibrate  on  pivots,  and  thereby  follow  the  re- 
volving of  the  crank.  The  drawing  here  given  representft 
tl^  the  outline  of  a  machine  for  rolling  sugar  caoei, 
thereby  showing  at  once  the  connexion  of  the  engine  with 
tl)f  machinery  of  the  mill. 

*Mn  the  subjoined  diagram,  the  working  cylinder,  C, 
vlih  1(9  piston,  steam  pipe,  no/zle  and  cock,  are  inserted 
inlho  boiler,  as  here  delineated.  The  piston  rod  drivers  the 
ty,  upon  the  arbor  of  which  is  tixed  a  small  wheel  which 
drirw  a  great  wheel  upon  the  axis  ;  the  guides  are  ren- 
dered unnecessary  in  this  application  of  the  steam  engine, 
l)<tause  the  piston  rod  is  capable,  by  a  horizontal  vibra- 
tory motion  of  the  whole  engine  upon  its  pivots,  O,  to 
)(iipt  itself  to  all  the  required  positions;  and  while  the 
luver  portions  of  the  chimney  partake  of  this  vibratory 
rtion,  the  upper  lube,  E  F,  is  enabled  to  follow  it  by  its 
i\  upon  the  two  centres  or  pivots  in  the  ring  above.  In 
atich  cases,  or  constructions,  as  may  render  it  more  desira- 
Hlf  lo  fix  the  boiler  with  its  chimney  and  other  apparatus, 
and  to  place  the  cylinder  out  of  the  boiler,  the  cylinder 
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iuvlfuiay  be  i^uspended  fur  Ihe  r^anie  purp(»se  upon   Irtin* 
m'ons  or  pivots  in  the  dame  manner,  and  one  or  I)oth  niyy  be 
perforated,  so  as  to  admit   the  intrnductjori  and  cscupi*  of 
(licsi(*am,  or  its  coudensatioo.  And  in  such  case^,  \vhL>re  it 
may  be  found   necessary  to  allow  of  no  vibratory  motion 
uf  the    boiler  or  cylinder,    the  same  may  be  fixed,  and 
guides  be  used.     The  manner  in  which  the  cock  in  turned 
ia  not  represented  in  the  two  drawin^^,  but  every   compe- 
tent workiuan  wilt,  without  ditliculty,  undcistand  how  ihc 
stroke  of  pins  duly  placed  in  the  circumference  of  the  tly, 
and  uiade  to  act  upon  a  cross  fixed  on  the  axis  of  the  cock, 
or  otherwise,  will  produce  the  motion.     The  steam  whicii 
««cftpes  in  thiij  engine  is  made  to  circulate  in  the  ciise  rotiiid 
Ihe  boiler,  where  it  prevents  the  external  atuiuitphere  fr<iiu 
ulfectingthe  temperature  of  the  included  wator,  and  atlords 
by  its  partial  condensation  a  suppl)  fur  the   boiler   itself, 
itnd  is  or  may  be  afterwards  directed  to  useful  purposes," 
Thi«  Intter  plan,  namely,  the  vibratin*^  cylinder,  looks 
nill  in  theory,  but  we  fear  in  practice  it  would   be-  found 
ver>'  imperfect.     Reciprocation,  as  we  have  shown,  is  a 
great  dealroyer  of  power,  and   here   the    whole  engine, 
boiler,  water,  cylinder,  fire-ijratc,  and  all   the  apparatus, 
are  constantly   movins;  l>ackwards  and  forwards,  and  all 
this,  too,  merely  to  dispense  with  the  guide  wheel  and  cnu- 
utting  rod. 

Mr.  Matthew  Murray,  of  Leeds,  obtained  a  patent  for  a 
Portable  Engine,  in  1802,  which  displays  much  novelty 
-ml  ingenuity.  The  annexed  fig;s.  1.  and  2.  represent  front 
and  side  views  of  the  combination  of  parts  of  this  eni^ine. 

"A  the  steam  cylinder  ;  H  the  piston  rod  ;  CC,counect- 
in|i;Tod>i,  for  connecting  the  piston  rod  to  the  pin  in  the 
«lieel  D;  E  a  wheel,  fixed  to  the  side  of  the  cistern  I, 
with  the  teeth  inwards,  to  admit  the  teetli  of  the  «  heel,  D, 
for  the  purpose  of  »;ivin£r  a  parallel  direction  to  the  rod<i, 
CC;  Fa  plain  wheel,  upon  the  tl)-wheel  shaft,  G;  iho 
;l,  F,  is  furnished  with  a  double  conical  centre,  for 
wheel,  D,  to  run  .upon;  I  is  a  cistern  or  frame  of 
pUte«,  on  and  in  which  the  whole  combination  of  mate* 
rials  constituting  this  engine  is  fixed;  K  K  two  wheels, 
7.  X 


MURRAY  8  PORTABLE  ENGINE. 


155 


one  upon  the  fly-wheel  shaft,  G,  the  other  upon  the  crank 
shafts  L;   (hese  wheels  and  crank  are  for  the  purpo^ie  of 
wrorkiii^  the   lever,  R,  in   fig.  2,  which  lever  ifives   iinuif- 
rliale  motion   to   the  air-pump,  P,  and  the  cold  and   hot 
valor  pump  ;  T  is  an  iron  bar  for  supporting   the  shaft  ; 
Ai  is  u  slide  valve  for  opening  and  shutting  the  communica- 
tion ofihe  steam  pip^s,  marked  N  N  N,  and  is  described  in 
fi^.  3, 4,  5,  6,  and7  ;  amotion  for  the  slide  valve  in  taken 
from  the  crank  shaft,  L,  by   levers,  or  otherwise,  as  the 
nature  of  the  valve  may  require.     The  parts  so  combined 
fomi  a  perfect  engine,  without   requiring  any  fixture  of 
wood,  or  any  other  kind   of  framing   than   the  ground  it 
ilinds  upon,  which  is  transferable  without  being  taken  in 
pieces,  the   motion  of  the   fly-wheel  shaft  giving  circular 
power  to  any   process  ur  manufactory  requiring  circular 
motion,  or  irrigating  land,  or  for  the  various  purposes  of 
ifricaUure.  Figs.  3,  4,  5,  6,  and  7,  represent  various  forms 
of  the  new  slide-valve,  in  its  application    to  the  steam- 
eni^ine  ;   the  principle  of  which  consists  in  moving  in  a  cir- 
cle, part  of  a  circle  or  straight  line,  by  means  of  flat  surfaces 
or  faces  (or  nearly  so)  sliding  or  moving  upon  each  other^ 
for  the  purpose  of  uniting  the  necessary  apertures  in  the 
Ueatn  pipes  or  cylinders.     Fig.  3.  is  a  view  of  a  circular 
fiat  sliding  valve ;  the  dotted  lines  show   the  avenues  to 
ihe  5team  pipes,    a  I,  is  a  figure  representing  the  upper  or 
moveable  part  of  the  slide  valve,  fig.  3.  where  the  con- 
'iacting  or  uniting  cells  are  formed:  there   is  a  circular 
*tprini;  fur  compressing  a  I  to  the  face  of  the  slide  valve  in 
fii^.  3,  90  as   to  render  them  perfectly  steam  and  air  tight, 
uTiich  perfection  they  will  naturally  acquire  by  constantly 
nibhin^  upon  each  other.     Figs.  4,  5,  <i,  and  7,  show  four 
wielies  of  the  slide  valve,  for  working  double  or  single 
[lowrrK.  a  2,  ^  3, 41  4,  and  a  5,  contain  the  cells  for  conduct* 
inr  to  the  diirerent  apertures  or  steam  ways.    Any  further 
ilocriptfoti  is  unnecessary,  as  the  drawings  will  convey  to 
any  one  the  principles  of  these  inventions/'* 


Specifit-alion  of  Pntent, 


WOOVV  I  HOIt.EU, 


Thiiiiii^mifiU6  8ppnrahi«,  thoUK]i  po«sesaiDg  much  uieHt| 
ititViii<;pd,  ii  uppi^urs,  uii  llio  |iulon(4-ij(bt  of  Mcssrii.  Buul- 
toii  and  W»tt,utul  iUf*  patont  wiu,  therefore,  ri*pcu1rd  in 
IhOJ.  An  i>iif(iiH*  on  (hi^  pluu  hus  Urvn  at  work  uiauy 
yearn  iii  St.  IVlcr'ti  Quiiy,  on  the  river  Tyne,  mid  iti  fouii4 
to  answer  iiitronitnonly  wolt. 

Mr.VVouirHVA»r\  excel  lont  and  iuf^cnious boiler (palrnlnl 
in  IbUJ)  oonir-';  next  undtT  our  nolicc.  The  great  iililiiy  of 
this  Bppantln^  intluct*s  us  to  ^iw  ihf  spccilication^  tog«>» 
iher  willi  Ml'.  WoolfV  own  renmrks,  in  full. 

'*Mr.  WoiilTs  improved  appurutU'<  consists,  firnl,  of  tvrii 
or  more  e\l:ndricnl  vessel?  properly  corinerled  together, 
ai»d  so  disponed  an  Ut  constitute  a  strong  and  fit  receptacle 
for  wnler,  or  any  other  fluid  intended  to  heconvcrfcd  into 
HtoauK  whether  at  the  usual  heats,  or  at  temperatures  anj 
under  pressureit  uneoninionl\  higli ;  and  uIho  to  present  tl* 
extensive  portion  of  convex  surface  to  the  current  of  flamr 
or  healed  air  or  vapour  from  a  (ire.  Secondly,  of  other 
cylindrical  receptacUs  phicfd  aliove  lhe»e  cylinders,  and 
properly  connected  with  thcn^for  (he  purpose  of  conCaio* 
M\*4  nater  and  steant,  and  lor  the  reception.  trnnfimMsioOf 
and  n^rftil  application  of  the  steam  generated  fr<MU  (be 
heated  water,  or  other  fluid.  And,  thirdly,  of  a  furnace 
8o  adapted  to  the  cylindrical  pnrt.-4  just  mentioned,  oi  itj 
cause  the  <»;reater  part  of  the  Hurface  of  all  and  inch  of 
them,  or  a*  much  of  the  siiid  flurface  us  may  he  couvenieat 
or  desirable,  to  receive  the  direct  action  4»f  the  fire^or 
lieated  aii  un<l  vapour. 

^^Odu  of  hi*4  boilers,  in  its  most  simple  form,  consisU  of 
eight  tube.^  made  of  cast-iron,  <irany  other  fit  metal,  which 
art^  each  connected  with  a  cylinder  placed  abti\  e  them.  The 
ruelre«ttion  ihe  bant,  and  the  flame,  heated  airyiUhdTlh 
pour^  being  reverberated  from  the  part  aboie  the  twofirft 
fttnaller  cylinders,  goes  un<ier  tlie  third^  over  the  fourth,  ca« 
der  the  fiflh,  over  the  sixth,  under  the  Heventh,  and  partlj 
over  and  partly  under  the  eightli  Hiuall  cyllndric  ln>< 
When  it  ha-;  reached  thr  end  of  the  fuinace,  it  is  carr.  , 
lt>  the  other  side  of  the  wall,  built  under  and  in  the  din«* 
li  ,M  of  the  main  cylinder,  and    then  r«iurnii  andef  ihe 
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seventh  smaller  cylinder,  over  (he  sixth,  under  the   tif^h, 
over  the   fourth,   under   the    third,  over  the  second,  and 
partly  over,  and  partly  under  the  first;  when  it  pusuesinlo 
the  chimney.     The  wall  before  mentioned,  which  divide* 
the  furnace  Umsi^itudinailv,  answers  the  double  purpOM  of 
lengthening  the  coun^e   which  (he   flame  and  heated  air 
have  (u  traverse,  giving  off  heat  to  the  boiler  in  (heir  pas- 
sage, and  of  securing  from  being  destroyed  by  the  fire  the 
flanges  or  other  joinings  employed  to  unite   the  smaller 
tubes  to  the  main  cylinder.  The  end^  of  (he  smaller  cylin* 
dric  tubes  rest  on  the  brick-work  which  forms  the  sides  of 
the  furnace,  and  one  end  of  each  of  them  in  furnitiihcd  with 
a  cover,  secured  in  its  place  by  screws,  or  any  other  ade- 
quate meHnn,  but  which  can  be   taken   off  at   pleasure,  to 
allow  (he  lubes  to  be  freed  from  time  to  time  from  any  ii* 
crustution  or  sediment  which  may  be  deposited  in   then. 
To  any  convenient  part  of  (he  main  cylinder  a  tube  is 
affixed,  to  convey  the  steam  to  the  steam  engine,  or  to  uy 
vessel  intended  to  be  heated  by  means  of  steam. 

*'  When  very  high  temperatures  are  not  to  be  employed, 
the  kind  of  boiler  just  described  is  found  to  answer  very 
well  ;  but  where  the  utmost  force  of  the  fire  is  desirable, 
Mr.  Woolf,  for  a  reason  which  shall  be  afterwards  men* 
tioneil,  combines  the  purts  in  a  manner  somewhat  difiereflt, 
though  thi'  same  in  principle. 

^*  In  fig.  2,  A  is  the  main  cylinder  crossing  the  smaller 
c\linder^  aaay  halfway  between  their  middles  and  ends, 
but  not  Jnint'd  to  any  of  (hem,  excepting  the  middle  one  at 
(he  p<Mn(s  u(  which  it  crosses  them.  It  is  put  in  this  place 
that  It  may  come  over  that  part  of  the  furnace,  8  S  S,  fig. 
1,  through  which  the  flame  first  passes,  and  receive  its 
diriTi  aciitin,  which  it  docs  over  nearly  a  half  of  its  aurfiice, 
as  may  he  seen  by  looking  at  the  vertical  section,  A  S8^ 
fiir.  t.  The  smaller  cylinders  have  a  communication  with 
the  main  cylinder  in  (he  following  manner  :— Three  cylio- 
dcrs,  CC  C,  are  placed  parallel  to  (he  main  cylinder,  A, 
over  Ihe  part  of  thr  furnace  I>y  which  the  flame  returns 
in  such  a  manner  that  each  of  the  cylinders,  CC  C,  taK« 
iu  three  of  the  smaller  cylinders,  a  a  a,  bcin^  united  to 
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and  connected  with  them.  The  cylinders,  C  CC,  have  ft 
direct  coronaunication  with  the  main  cylinder,  A,  by  the 
pipes  or  tubes,  P  P  P,  ag  may  be  better  seen  by  I  he  crosH 
vertical  section,  fig.  1.  The  three  tubes  CCC,  are  pre- 
*emrd  to  one  long  tube,  to  prevent  any  derangement  tak- 
ing place  in  the  furnace  or  in  the  tubes,  by  the  expansion 
or  conLmction  occasioned  by  changes  of  temperature, 
which  u  more  considerable  in  one  tube  of  the  whole  length 
of  (he  furnace,  than  when  divided  into  three  portions  ;  and 
it  ts  for  the  same  reason  that  the  tube  A  is  not  made  lo 
communicate  directly  with  the  smaller  tubes,  a  a  a,  but 
mediately,  by  means  of  the  tubes  marked  C  and  P. — 
N.  B.  The  two  outermost  of  the  tubes  marked  P,  instead  of 
going  parallel  to  the  middle  tube,  P,  may  be  both  inclined 
towards  it,  so  us  to  join  the  cylinder  A  near  the  middle  ; 
oraoy  other  direction  may  be  given  to  them,  to  prevent  de- 
tiBgvnaent  by  expansion. 

**  The  tubes  C  and  a  are  kept  from  separating  b}  bolls 
from  the  inside  of  a  passing  through  the  top  of  (\  where 
ihey  are  secured  by  nuts  screwed  on  to  them,  (see  fig.  ll.); 
ind  these  parts  of  C  are  so  contrived,  that  by  taking  ofTany 
of  the  nuts  a  cover  may  be  removed,  and  a  hole  presen- 
tfd  large  enough  to  admit  a  man's  hand  into  C,  to  clean  it 
out, 

*'  Fig.  3.  is  a  longitudinal  vertical  section  of  the  furnace, 
ihrough  the  centre,  showing   the  course  which  the  flame 
ttd  heated  air  are  forced  to  take.     The  first  three  small 
cylinders  are  completely  surrounded   with  flame,  being 
directly  over  the  fire  :  the  flame  is  stopped  by  the  brick- 
work, W,  over  the  fiAh,  and  forced  to  pass  under  it,  and 
then  over  the  sixth,  where  it  again  meets  with  an   inter- 
roption,  which  forces  it  to  go  under  the  seventh,  and  over 
ll>«  eight ;  it  then  turns  round  the  end  of  the  longitudinal 
vtlJ  which  divides  the  furnace,  and  passes  over  the  eighth 
mller  cylinder,  under  the  seventh,  and  so  on,  alternately 
over  and  under  the  other  tubes,  till  it  reaches  the  chimney. 
The  wall  that  divides  the  furnace  may  be  seen  in  fig.  2. 
"To  secure  a  free  communication  between  the  different 
of  the  boiler,  the  three  tubes  of  the  middle  cylinder, 
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C.  arc  connccte*!  with  tho<io  of  ihe  two  exterior  CV,  by  I 
pipi's,  o  o,     The  o(her  ends  of  ihe  (iihes.  a  a  Oy  nre  et 
fitted  with  n  cover  properly  secured  and  bulled,  but  ^»bjch 
cnn  be  taken  off  occasionally,  to  cleun  out  the  boiler 

**  In  uorkini>;  with  such  boiler^i,  the  water  carried  affhf 
evaporation  is  replaced  by  water  forced  in  by  th«  Uaiiwi 
ntoanK;  and  the  steam  ^eneruled  in  carried  to  Ihe  placo 
intended  by  means  of  tubes  connected  with  the  upper  paH. 
of  the  cylinder  A. 

"It   may  not   be  improper/' says  Mr.  Woolf,  *' to 
Ihe  attention  of  thone  who  may  bereaAer  wish  to  coniitrui:! 
auch  apparatus,  to  one  circunnlance;  namely,  that  in  CTerf 
case  (ho  tubes  composin;E^  the  boiler  should  be  ao  cuinbiocd 
and  Qrrunfi;ed,  and  the  tiirnaco  »o  comitructed,  a4  to  make 
the  fire,  the  flame,  and  the  heated  air,  to  act  around,  over,  bmI 
nmi»ng  the  l(il>e<i,  embracing  the  largest  po'^^ible  quaoiitT 
of  their  enrfiice.     U  must  be  obvious  to  any  one  that  th« 
tubes  may  be  made  of  any  kind  of  metal;  but  1  prefer  ai>t* 
iron  lis  the  most  convenient.     The  size  of  the  tubiM  nxkj 
be  varied  :   but,  in  every  case,  care  should  be  taken  not  I" 
make  their  diameter  too  great;  and  it  must  be  remembenii 
that  the  larger  the  diameter  of  any  single  lube  in  such  i 
boiler,  the  stronger   it   must   be  made   in   proportion,  lo 
enable  it  to  liear  the  same  expansive  force  as  the  smalUr 
cylinder!!.     It  h  not  es^'^ntinl,  however,  to  my  invenliim 
that  the  tubet$  should  be  of  different  siises;  but   I  prtfft 
that  the  upper  cylinders,  especially  the  one  which  I  call 
the  main  cylinder,  should  be  larger  than  the  lower  on**, 
it  being  the  re?er\oir,  as  it  were,  into  which  the  lowrr 
ones  send  (he  steam,  lo  be  thence  conveyed  away  by  iW 
steam  pipe  or  pipes.    The  following  genera!  <lirection  mi» 
be  given  respecting  the  quantity  (if  water  to  be  keplioa 
boiler  in  my  rnnslruciion  :  it  ought  always  to  fill  not  aalf 
the  lower  tube-,  but  the  main  cyliud*'r,  A,  and  (he  cylinder, 
C,  to  about  half  iheir  diameter,  that  i«,  ?»•<  high  ii<  thclin' 
is  allowed  to  reach,  and  in  no  case  ought  it  to  be  allowfd 
to  get  Ko  low  n<  not  to  knep  full  the  necks  or  branckei 
which  join   the  smaller  cylinders,  marked  with  the  lettef 
tf,  to  the  cylinders  A  or  C;  for  the  fire  is  only  bonnftciallf 
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employed  when  applied,  throug;h  the  medium  of  the  inter- 
posed metal,  to  water,  to  convert  it  into  steam  :  that  is, 
-tile  purpose  of  my  boiler  would,  in  some  measure,  be  de- 
feated, if  any  of  the  parts  of  the  tubes  exposed  to  the 
(tirect  action  of  the  fire,  should  present  in  their  interior  a 
snrface  of  steam  instead  of  water,  to  receive  the  transmitted 
heat  which  must,  more  or  less,  be  the  case,  if  the  lower 
tubes,  and  even  a  part  of  the  upper,  be  not  kept  filled  with 
the  li<|aid. 

''As  to  the  construction  of  the  furnaces,  though  that 
■ttst  be  obvious  from  the  druwin^s^  it  may  not  be  improper 
lure  to  remark,  that  they  should  always  be  so  built  as  to 
jpve  a  long  and  waving  course  to  tbe  flame  and  heated 
ur,  or  vapoiir,  forcing  them  the  more  effectually  to  strike 
against  the  sides  of  the  tobes  which  compose  the  boiler^ 
andsoto  give  out  a  large  portion  of  their  heat,  before  they 
reach  the  chimney:  unless  this  be  attended  to,  there  will 
be  a  much  greater  waste  of  fuel  than  necessary;  and  the 
heat,  communicated  to  the  contents  of  the  boiler,  will  be 
\t9n  from  a  given  quantity  of  fuel. 

'^My  invention  is  uot  only  applicable  to  all  the  uses  to 
which  the  boilers  in  common  use  are  generally  applied, 
but  to  all  of  them  with  much  better  elfect  than  the  latter; 
ind  can,  besides,  be  applied  to  purposes  in  which  boilers, 
conMructed  as  they  have  hitherto  been,  would  be  of  little 
or  no  use.  The  working  of  all  kinds  of  steam  engines  is 
M«  important  application  of  my  invention  ;  for  the  steam 
oay  be  raised,  in  a  boiler  constructed  in  the  manner  before 
df^ribed,  to  such  a  temperature,  and  consequently  to  such 
an  expansive  force,  as  to  work  an  engine  even  without 
condeRsing  the  steam,  by  simply  allowing  it  to  escape  into 
tbe  atmosphere  aAer  it  has  done  its  office,  as  proposed  by 
Mr.  Jaones  Watt,  in  the  specification  of  his  patent,  dated 
January  5,  1769,  whence,  he  says,  engines  may  he  worked 
by  the  force  of  steam  only,  by  discharging  the  steam  into 
(be  open  air.  In  all  rases  where  it  is  desirable  to  heat  or 
boil  water,  or  other  fluids  and  substances,  without  tTie 
direct  application  of  fire  to  the  vessel  mc  vessels  containini^ 
Ifieai,  which  in  such  cases  became  secondary  boilers,  the 
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1WP  of"  my  nppamtn?  will  produce  sii(>orinr  to  unj  ohruincti 
by  niiy  ofht^r  monns,  no  more  hein|(  iiecossary  ihnn  lo  mttke 
the  vosspIs,  or  spconrfBry  hoiler,  containinf^  (he  wntor  or 
other  Huid^,  nnd  the  (tuh^taiicea  immersed  or  di<t3olv<Ml  in, 
or  blended  or  mixed   with  the  water  or  other  fluids,  to> 
communicRte,  by  means  of  a  lube  or  Inbes,  wilh  the  primr 
boiler,  construrted  in   (he  manner   before  described.    -In 
euch  cases  as  in  makins^  extracts  of  every  kind,  for  the 
various  purposes  of  arts  and   manufacturer,  and   for  the 
simple  boilint;  nf  water  or  wntery  f1nid<i,  the  «team  should 
go  directly   into    the  vessel    or  secondary   boiler,    wIiobp 
contents  are  to  be  heated  or  boiled;  and   the  ori6ce  or 
orifices  of  the  pipe  or  pipein  throu^^h  which  the  steam  w 
conveyed,  nhould  go  to  a  considerable  depth  in  (he  fluid, 
that  the  steam  may  be  better  able  to  give  off"  its  heal,  and 
be  condensed  before  it  can  reach  the  surface;  and  in  every 
such  case  an  allowance  should  be  made  for  the   iiicrr«te 
which  will  be  made  to  the  quantity  of  liquid  in  the  vesifel 
to  be  hoaled,  by  the  quantity  of  steam  which  will  be  con* 
densed   in   the  •^iwnc  before   the  procesH   lie  ended.     Tht 
vessels  into  which  the  stejim  is  thrown  n  av  be  either  op**!! 
or  close,  as  the  natirre  of  circumstances  mav  requiret  bol 
whore  extracts  ai-e   to  be  made  fVom  vt*e;**'Hh'p  or  olht^ 
matters,  from  which  extracts  are  or  may  bo  made,  as  from 
hops,  bark,  dru^-^,   and    <lrv  ^ituiT-*,   for   brrwinc^,  tannine, 
dyeing,  and  other  processes,  the  niatenals  will  be  muefc 
mor^  completely  exhausted  of  all  their  valuable  pa 
and  in  many  instances  they  will  be  completely  di 
by  employing  close  vesse-,  which.  In   that  case,  must  b» 
made  very  strong,  a  thing  t^- 1  diflicult  to  be  accompliihfd, 
when  it  is  recollected  that  they  may  be  at  a  distance  froiit 
and  consequently  out  of  the  pow-r  of  being  doranged  by 
the  fire ;  and  that  they  may  be  surrounded  with,  and,  Mil 
were,  buried  in  mawsy  stone  or  brick  work,  in  addition  ti> 
other  and  obviou*?  means  of  securing  them.     My  apparatnt 
BO  employed,  becomes,  in   fiict,  an  improved    Papin's  di* 
getter  on  a  large  scale.      I  do  not  wish  to  be  understood » 
cluiming  the  merit  of  having  been  the  first  who  nppltrd 
•team  in  the  manner  just  described  to  boil  water  ftiid  othcf 
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fluids^  but  merely  as  puintiiig  out  an  important  use  to 
%vkich  my  apparatus  is  applicable,  and  in  which  the  effect 
obtained  will  be  much  greater  than  by  any  other  means. 

^Another  important  u^e  to  which  my  invention  can  be 
applied  with  better  effect  than  the  means  now  in  use,  is 
tiiBt  of  distillation  on  the  large  scale;  and  that  by  either 
sending  the  steam  directly  into  and  among  the  contents  of 
ifae  still  or  alembic,  or  by  enclosing  the  still  in  another 
Tewe),  and  makinji;^  the  steam  of  a  high  temperature  to 
circulate  in  and  to  occupy  the  space  between  the  exterior 
sorface  of  the  still,  and  the  interior  surface  of  the  con- 
taining vessel.  In  either  case,  all  danger  of  burning  or 
siu^eing  the  materials  operated  upon  is  done  away,  and  a 
nuch  more  pleasant  and  pure  spirit  will  bo  o1)iiiiiuMl  than 
by  Iho  methods  now  in  common  use.  1  need  not  stop  here 
to  show  the  reason  why,  even  in  the  case  of  throwing  the 
«eanj  directly  into  the  still,  the  <:piritnouspart  will  be  the 
first  to  rise  and  pass  over  into  the  receiver. 

^^1  might  mention  many  other  useful  applications  that 
may  be  made  of  my  invention;  but  I  shall  only  state  one 
more,  namely,  to  the  drying  of  gunpowder,  and  lessening 
thedanger  of  explosions  in  the  manufacture  of  that  article. 
By  means  of  my  invention  any  desired  temperature,  ne- 
cessary for  that  purpose,  may  be  produced  where  the 
powder  is  to  be  dried,  without  the  necessity  of  having  fire 
in,  or  so  near  the  place,  as  to  endanger  its  safely ;  for  by 
employing  steam  only,  conveyed  through  pipes,  and  pro- 
perly  applied  and  directed,  without  allowing  any  of  it  to 
escape  into  the  room  or  apartment  where  the  powder  is, 
an)  competent  workman  can  produce  a  heat  equal  to  that 
found  necessary  for  drying  gunpowder^  or  much  higher,  if 
required.  Nor  is  the  lessening  of  the  danger  of  explosions 
ibe  only  advantage  which  this  way  of  drying  gunpowib  i 
hn'ds  out ;  it  presents  another,  and  an  essential  one  for  the 
90(Hlne-«  of  the  article;  the  heat  can  be  conipleti-U  rogn- 
lilted,  *io  ns  to  prevent,  or  at  least  lessen,  (he  pnrtial  i!e- 
compofiitiun  of  the  powder  by  the  sublimation  of  the  sul- 
phur, which  is  found  to  take  place  by  the  methr»d<<  at 
present  in  iw**." 
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We  have  fiad  frequent  opportunities  of  iiMpecling  thi* 
excellent  upparatus,  and  can,  tberefore,  speak  with  confi* 
dcnce  of  its  utility.  One  engine  of  Mr.  Woolft*  U  now 
Used  by  Mr.  Smart,  of  Lambeth  Marah,  with  such  a  boiler 
to  dnvc  a  saw  mill,  and  h  principally  kept  going  by  em- 
plo>ing  the  saw-dust  from  the  mill  as  fuel.  Two  safety 
valves  or  ateain  regulators  are  gene^'ally  used,  the  plan  ol 
which  is  ingenious* 
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(  Wooifs  Safety  Valve.     ISai.) 

A  in  the  preceding  (ia;«re  is  a  part  of  the  wain  cyliowf 
of  one  of  Mr.  Woolf 'd  boilers;  B  B  the  neck  or  outlet  fw 
the  steam,  surmounted  by  the  steam  box  C,  which  i«  joinfJ 
to  the  neck  B  B  by  the  flanfiresaa.  The  top  or  cover  of 
the  steam  box  C,  marked  with  the  letter  D,  which  is  wtU 
secured  in  its  place,  has  a  hole  through  it  for  the  rod  of 
the  valve,  so  contrived  as  to  answer  the  purpose  of  % 
stuffing  box,  to  make  the  rod  work  up  and  down  stet» 
tight,  the  stuffing  being  kept  in  its  place  by  the 
DeanSy  as  shewn  in  the  section.     By  means  of  a  pin  or 
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rby  and  the  two  vertical  pieces  e  e,  the  piston  rod  h  made 
fast  to  m,  which   is  a  cover  of  and  joined  to  the  hollow 
cvlinder  n  n.     The  cover  m  tits  steani-ti^ht  into  the  collar 
oOy  which  is  made  fast  to  the  flanges  a  a.     The  cylinder 
■  ff  is  open  at  the  bottom,  having  a  free  communication 
with  the  main  cylinder  A,  and  has  three  vertical  slits,  one 
of  nhicli,  S,  is  shewn   in   the  diagram.     The  sum  of  the 
^nrface  of  all  these  slits  or  openings  is  equal  to  the  area 
of  the  opening  of  the  collar  o  o,  in  which  the  cylinder  n  n 
torks.     When  the  steam  acquires  a  sufitcient  degree  of 
elastic  force  to  raise  the  valve  (that  is,  the  cylinder  n  n 
with  its  cover  m,  and  the  rod  R,)  and  whatever  weight  it 
■ay  be  loaded  with,  then  the  openings  S,  getting  above 
tlie  steam-tight  collar  o  o,  allow  the  steam  to  pass  into  the 
steam  box  C.     The  quantity  of  steam  that  passes  is  pro- 
portioned  to  the  elastic  force  it   has  acquired,  and  the 
weight  with  which  the  valve  is  loaded ;  and  the  rise  of  the 
openings  S  above  the  collar  o  o,  will  be  in  the  same  pro- 
portion.    This  valve  may  be  loaded  in  any  of  the  usual 
methods;   but  Mr.  Woolf  prefers  the  one  shewn   in  the 
drawing,  in  which  the   upper  part  of  the  rod  R  is  joined 
b^  means  of  a  chain  to  a  quadrant  of  a  circle  Q  with  an 
arm  projecting  from  it,  as  represented   in  the  plate,  and 
which  carries  a  weight  Z,  that  may  be  moved  nearer  to  or 
^rtber  from  the  centre  of  the  quadrant,  according  as  the 
pressure  of  the  valve  is  wished   to  be  increased   or   di- 
niotshed.     As  the  valve  rises,  the  weight  moves  upwards 
in  the  arch  n  n,  giving  an  increased  resistance  to  the  far- 
ther rising  of  the  valve,  proportioned  to  the  greater  hori- 
zontal distance  from  the  centre  of  Q,  which   the  weight 
ittains  by  its  side  in  the  said  arch,  the  said  distance  being 
measured  in   the  line  O  P  pE^Hsing  through  the  centre  of 
the  weight.     Thus,  if  the  weight  Z  presses  with  a  force 
equal  to  twenty  pounds  on  the  square  inch  of  the  aperture 
in  O  O  in  its  present  position.  It  will,  when  it  rises  fo  the 
position  »,  press  with  a   forre  equal  to  thirty  pounds,  and 
»t  P,  with  a  force  equal  lo  forty  pounds  on  the  square 
iachy  so  that  the  rod  Q  Z  may  be  made  lo  serve  at  the  same 
i  an  index  to  the  person  who  attends  the  fire,  nothing 
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more  being  nece»tnry  for  this  purpose  thnn  to  ^ 
the  arch  described  by  the  end  of  the  ro<l  Q  Z.  In  I 
of  the  steam  box  C  (here  is  an  opeiiini;  N,  to  all 
Bteam  to  pass  from  it  by  a  pipn  or  tube  to  (he  ateant  i 
or  to  any  secondary  boiler,  or  for  the  purpose  of  com 
and  Bppl>in|^  it  to  any  other  vessel  or  use  to  which 
19  applicable. 

Hornblo\vcr*3  second  Rotative  Engine  differs  nal 
from  hiH  former  one;  it  is  represented  in  the  m 
tivures,  and  conftists  of 


I 


A  vessel  in  which  the  !»tcaro  operates,  made  ofi 
extremely  resembling  a  ^lobe,  flatted  at  the  poll 
fig.  1)  which  shou:-!  one  of  its  sides,  the  other  being 
to  it.  Fig.  3.  is  a  representation  of  the  purls  of  the  n 
which  move  round  within  the  steam  vessel,  and 
represents  the  interior  of  fig.  K  with  its  lid  re 
The  pipe  A,  at  1^^.  I,  rcK^ives  the  steam  from  the 
to  which  is  connected  a  valTc  box,  of  any  usual  co 
tion,  by  which  to  regulate  the  admiKsion  of  steam, 
the  eduction  pipe  is  connected,  leading  from  the 
apartment  to  the  condensing  apparatus,  and  turr 
such  a  direction  as  may  be  most  convenient  for  I 
charging  pump  to  be  wrought  by  me«uis  of  an 
fumed  by  the  axle  of  the  machine;  on  which  arbi 
small  fly-wheel,  for  the  purpose  of  regulating  tl 
quality  of  the  crank  to  uhich  the  pump  rod  is  atl 
D  D  is  a  middle  part  of  the  steam  vessel,  furnish^ 
flanges  lor  the  purpose  of  Hcrewing  it  to  E  K,  and  b 
receiving  the  lid;  by  which  means  the  partition  m, 
secured  to  its  place,  in  the  middle  of  the  machint^l 
lid  may  easily  be  removed  for  the  purpose  of  rec 
nnd  repairing  the  internal  structure.  (■  is  thesqua 
of  one  end  of  the  axis  of  the  machine,  over  which  it* 
a  gland  M^  divided  into  parts^  in  order  that  it  may 
on  over  the  square,  and  properly  embrace  the  roui 
of  the  axis.  Within  this  gland  is  a  stufting  box, 
purpose  of  keeping  the  axle  both  air  nnd  steam  tigl 
one  side  of  the  lower  apartment  of  the  steam  vess 
•mall  opening,  secured  by  a  lid,  for  the  purpose  ofcl 
that  part  of  the  machine. 
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Fig.  2  rcprrsenU  the  partition  witfaia  the  steam  ve*<»el, 
which  ma)  be  made  either  of  brass  or  iron,  or  of  both  those 
metals  combined.     B  B  is  the  lower  flange,  the  upper  parf 
being  taken  away.     C  C  are  the  two  openings  or  pasragr* 
for  the  vanea:   these  the  inventor  calls  vBrie-port«i,  and  to 
obtain  a  proper  idea  of  their  figure,  it  must  be  observed 
that   the   largest  vane-port  i^  formed  by  the  exterior  por- 
tions of  two  cones  2,  and  at  y,  by  a  portion  of  the  concave 
part  of  a  sphere.     The  extent  of  this  passage  throughout 
roust  at  least   be  equal  to  ninety  degrees  of  a  circle,  and 
the  vanes  of  a  suflicient  width,  so  that  two  of  them  may 
always  make  their  entrance  into  the  vane*ports  before  the 
other  two  make  their  exit.     The  edge,  c  c,  may,  therefore, 
be  supposed  to  descend  into  the  lower  apartment  one  half 
of  its  depth,  and  to  rise  the  other  half  to  meet  the  eye; 
but  it  is  not  necessary  that  z  be  so  deep  all  the  way  as  y, 
hut  converge  towards  the  centre  of  the  machine.     This  is 
the  asoending  vane-port ;  the  descending  one  is  included 
between  D  D,  which  are  rabbets  or  seatings  for  receiving 
a  packing;  and  x  represents  a  rising  edge,  so  as  to  obtaio 
n  depth  at  least  equal  to  the  thickness  of  the  vanes;  one 
half  of  which  edging  is  below,  and  the  other  half  abon 
the  main   axis.     These  edges  receive   two   metal   plaloi, 
fixed  down  with  screws  on  them,  for  the  purpose  of  con- 
fining the  packing.    The  part  E  is  also  formed  spherically, 
and   is  provided  with  a  packing  groove,  which  meets  tlie 
edge  of  metal  in  the  middle  of  the  vanes,  k.  Fig.  3.     FF 
is  the  main  axle  of  the  machine,  laid  in  its  place  without 
the  vanes;  one  end  of  which   is  to  perform   the  work  re- 
quired, and  the  other  is  applied  to  the  discharging  pump. 
At  D  D  the  packing  extends  to  VV  W,  so  as  to  erabrtcc 
the  nave  as  well  as  the  descending  vane,  by  which  roMM 
both  the  nave  and  the  vanes  move  steam-light  in  ifaa'r 
revolutions,     vv  vv  is  that  part  of  the  partition   which     1 
forms  a  plane  at  the  axis  of  the  globe,  and  is  secured  in  i(« 
place  by  being  seated  in  a  rabbet  with  ihe  usual  jointing 
materials  on  the  interior  margin  of  Ihe  steam  vesuel.     GG 
sre  two  brasses  let  down  into  the  partition,  and  they  are 
raised  or  depreased  by  screws,  as  adjustment  may  require. 
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At  f  f  spaces  are  left  for  packing  round  the  axle;  end  the 
upper  brasses  which  keep  down  the  axle  serve  also  to  keep 
«t  in  its  place.  At  H  H  are  the  stuffing  boxes  mentioned 
In  fig.  1 ;  they  have  a  division  plate  of  metal  in  them,  so 
that  3  a  being  applied  with  steam  from  the  valve  box,  the 
packing  of  each  aide  of  these  vacuitic6  is  rendered  air- 
tiglit.  The  manner  in  which  the  partition  and  vane-ports 
are  constructed,  is  by  rivetting  the  two  parts  v  vv  v,  (o- 
gelher,  by  means  of  flanges  at  I  I,  first  having  mounted 
(hem  on  an  axis,  to  correct,  by  turning,  (either  by  hand  or 
olherwisc,)  the  want  of  smoothness  and  truth  from  the 
casting;  and  when  (his  is  done,  the  main  axle  is  fixed  to 
its  place  as  a  guide  by  which  to  set  up  the  four  vanes,  as 
at  fig.  8,  where,  by  a  mere  inspection,  it  is  plain  how  this 
is  performed.  The  open  vane  exhibits  a  frame  of  metal, 
which  receives  a  plate  on  each  side :  these  plates,  with  the 
edge  of  metal,  K,  cast  with  the  frame,  form  grooves  and 
luuities  to  receive  the  packing.  The  nave  being  hollow 
receives  two  iron  axles,  which  arc  curved  in  the  middle^ 
ind  there  cross  each  other. 

The  manner  in  which  they  receive  the  vanes  is  shown 

l)y  the  figure;  also  how  the  packing  renders  them  steam- 

ti^ht  on  the  spherical  part  of  the  nave,  and  that  when  one 

oflbem  is  moved,  its  opposite  vane  on  the  same  axle  must 

thobe  moved.     The  main  axle  is  turned  true  by  rivetting 

ike  two  parts  together  at  the  nave,  and  re-rivelting  them 

•fter  the  cross  axles  are  set  in  their  places.    All  the  several 

pirts  of  the  machine  being  then  put  in  their  respective 

tituations,  it  is  very  evident  that  when  steam  is  admitted 

'iita  the  lower  apartment,  the  rising  vane,  which  occupies 

the  largest   passage,   must   overpower   the   other   ia    its 

<lo«cent;  and  that,  if  by  any  means  one  of  the  vanes  be 

tamed  a  quarter  of  a  revolution,  it  must  at  the  same  time 

carry  with  it  the  one  which  is  connected  on  the  opposite 

nie  of  the  nave ;  and  ihis  turning  ia  effected  by  fixing  with 

screws  a  block  of  wood,  on  the  partition  at  K,  in  the  form 

of  a  strong  bracket.     This  block  will  not  permit  the  aa- 

cending  vane  to  pass  it  without  being  turned  on  its  edge, 

by  which  means  the  one  below  is  turned  at  the  same  time, 
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to  present  iU  broad  surface  to  the  lar^o  vane-porl.  It  may 
be  necessary  to  reiiiark,  that  when  the  machine  U  to  be  iu>t 
at  work,  the  steam  is  not  adniitted  into  the  upper  apart- 
ment of  the  ve»*ol,  to  exclude  the  air,  but  enters  imme- 
diately from  the  vaUe  box  to  the  eduction  or  dischargiof 
pipe,  in  order  to  preserve  the  grease  which  is  mado  use  uf 
to  lubricate  the  internal  moveable  UAectuiuisui  of  thtr 
engine. 

"We  cannot  exprcfis  our  opinion  on  this  ingenious  machine 
better  than  in  the  word»  of  Dr.  Gregory,  who  it^y* — 

**  is  there  not  some  ground  for  fear  that  in  this  con- 
tri%'ance,  besides  the  force  lost  by  the  action  of  the  steaui 
upon  the  edt^es  of  tbe  vanes,  there  will  be  considerable 
loss  arising  from  the  greater  IViction  attending  its  opera- 
tions than  those  of  a  common  steam  engine  ?  In  this  steam 
wheel  there  will  be  a  great  quantity  of  rough  aurlkce 
(that  of  the  stuffing)  exposed  to  tVcquent  contact,  aod 
consequent  rcniHtance  to  the  moving  from  the  ti\ed  partu; 
besides,  as  the  stutFi'd  parts  are  here  of  great  extent^  with 
regard  to  the  magnitude  of  the  machinery,  and  exhibit 
rapid  variations  of  shape,  they  niavy  when  brought  into 
constant  work,  be  found  dillicult  lu  keep  in  order.*^* 

Mr.  R.  Wilcox,  of  Bristol,  obtained  a  patent,  iu  1804, 
for  lessening  the  consumption  of  fuel,  by  using  steam  of 
greater  elasticity  than  common :  he  proposed  in  some  in* 
stances  to  rai^e  his  steam  to  the  pressure  of  150  pounds  oo 
the  square  inch. 

Mr.  Woolf*s  steam  engine  is  a  most  ingenious  applicalioa 
of  a  property  which  steam  possesses:  it  is  founded  on  o 
very  important  discovery  which  he  made  respecting  tbe 
expansibility  of  steam  when  increased  in  temperature 
beyond  the  boiling  point,  or  212^  of  Fahrenheit's  ther- 
mometer. It  had  been  known  for  some  time  (and  for  tbi* 
discovery  the  world  is  indebted  to  Mr.  Watt,)  that  steaa^ 
acting  with  the  expansive  force  of  four  pounds  the  square 
inch  against  a  safety  valve  exposed  to  the  atmosphere,  i^ 
capable  of  expanding   itself  to  four  times  the  volume  it 
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then  occupies,  and  still  to  be  equal  to  the  pressure  of  the 
uttDOsphere.     Mr.  VVoolf  discovered  that,  in  like  manner^ 
steam   of  the   force  of  five  pounds  the  square  inch  can 
expand   itself  to  five  tinif^  its   volume;    that  masses  or 
quantities  of  steam, of  the  like  expansive  force  of  six^seven^ 
eight,  nine,  or  ten  pounds  the  square  inch,  can  expand  to 
fix,  s«veo,  eight,  nine^  or  ten  times  their  volume,  and  still 
be  respectively   equal   to   the  atmosphere,  or  capable  of 
producing  a  sufficient  action  against  the  piston  of  a  steam 
engine  to  cause  the  same  to  rise  in  the  old  engine  with  a 
counterpoise  of  Newcomen,   or   to   be   carried   into   the 
racuous  part   of  the  cylinder  in  the  engines  of  Messrs. 
Boulton  and  Watt;    that   this  ratio  is  progressive,  and 
nearly  (if  not  entirely)  uniform ;  so  that  steam  of  the  ex» 
pamive  force  of  20,  3U,  40,  or  50  pounds  the  square  inch 
of  a  common  safety  valve^  will  expand  itself  to  20,  30,  40, 
or  50  times  its  volume;  and  that,  generally,  as  to  all  the 
intermediate  or  higher  degrees  of  elastic  force,  the  number 
af  times  which  steam  of  a  given  temperature  can  expand 
iUelf  in  nearly  the  same  as  the  number  of  pounds  it  is  able 
to  sustain  on  a  square  inch  exposed  to  the  common  atmos- 
pheric pressure;  provided  always  that  the  space,  place,  or 
vensel,  in  which  it  is  allowed  to  expand  itself,  be  of  the 
same  temperature  as  that  of  the  steam  before  it  be  allowed 
room  to  expand. 

Respecting  the  different  degrees  of  temperatnre  required 
to  bring  steam  to,  and  maintain  it  at  different  expansive 
forces  above  the  weight  of  the  atmosphere,  Mr.  Woolf 
found,  by  actual  experiment,  setting  out  from  the  boiling 
point  of  water,  viz.  ii\2  %  at  which  degree  steam  of  waier  ii 
only  equal  to  the  pressure  of  the  atmosphere ;  that,  in  order 
lo  give  it  an  increased  elastic  force  equai  to  five  pounds  the 
square  inch,  the  temperature  must  be  raised  to  above  227|, 
when  it  will  have  acquired  a  power  lo  expand  itself  to  dve 
times  iU  volume,  still  equal  to  the  atmosphere, and  capable 
of  being  applied  as  such  in  the  working  of  steam  engines, 
according  to  the  invention;  and  with  regard  to  various 
other  pressures,  temperatures,  and  expansive  forcea  of 
steam,  the  same  are  shown  in  the  following  table  : — 
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and  so  in  like  manner,  by  small  additions  of  temperature, 
an  rxpanstvo  power  may  bo  ^iven  to  steam,  to  enable  it  to 
expand  to  50,  60,  70,  80,  90,  100,  200,  300,  or  more  limc^ 
its  volume,  without  any  liuiitatiun  but  what  arises  froiu 
the  frangible  nature  of  every  material  of  which  boilers 
und  other  parts  of  steam  engines  have  been  or  can  be  made : 
and  prudence  dictates  that  the  expansive  force  bIiouM 
never  be  carried  to  the  utmost  the  materials  can  bear,  bui 
rather  to  be  kept  considerably  within  that  limit. 

Having  thua  briclly  explained  the  nature  of  Mr.  Woolf* 
discovery,  wc  shall  proceed  to  give  a  descriptioD  of  lit* 
improvements  grounded  thereon.  Mr.  Woolfi  in  his  spe- 
cification, states, —  that  in  describing  his  invention,  he 
has  found  it  necessary  to  mention  the  entire  steam  engine 
and  its  parts,  to  which,  as  an  invention  well  known,  be 
neither  can  nor  does  assert  any  exclusive  claim:  be  ob' 
verves^  however,  that  from  the  nature  of  the  aforesaid  dts- 
(overy  and  its  applkcaliuu,  there  can  be  no  diflicully  io 
distinguishing  his  said  improvements  from  the  improvt^ 
engineof  Mr.  Watt,  as  to  its  other  common  and  well-knowa 
parts;  and  then  givt^s  the  following  account  of  an  engioe, 
embracing  his  new  improvements. 

^  If  the  engine  be  constructed  originally  with  the  in- 
tention cf  adopting  my  ^aid  improvement,  it  ought  to  hare 
ivoeteam  vesseU  of  diifereut  dimensions,  according  to  tbt 


temperature  or  the  expansive  force  determined  to  becocn- 
mutiicateci  to  the  steuni  made  use  of  in  working  the  engine ; 
(or  the  smaller  steam  vessel  or  cylinder  must  be  a  measure 
for  the  larger.  For  example:  if  steam  of  forty  pounds 
the  square  inch  be  fixed  on,  then  the  smaller  steam  vessel 
snould  be  at  least  one  fortieth  part  the  contenUt  of  the 
larger  one;  each  steam  vessel  should  \te  furnished  with  a 
pistoD)  and  the  smaller  cylinder  should  have  a  communica- 
tion both  at  its  top  and  bottom  (top  and  bottom  employed 
here  as  relative  terms,  for  the  cylinders  merely  may  be 
worked  in  a  horizontal,  or  any  other  required  position,  as 
well  as  vertical) ;  the  small  cylinder,  I  say,  should  have  a 
communication,  both  at  its  top  and  bottom,  with  the  boiler 
which  supplies  the  steam,  which  communications,  by  means 
of  cocks  or  valves  of  any  construction  adapted  to  the  use, 
are  to  be  alternately  opened  and  shut  during  the  working 
of  the  engine.  The  top  of  the  small  c>  liuder  should  have 
a  communication  with  the  bottom  of  the  larger  cylinder, 
and  the  bottom  of  the  smaller  one  with  the  top  of  (be 
larger,  with  proper  means  to  open  and  shut  these  alter- 
nately by  cocks,  valves,  or  any  other  well-known  coo- 
Irivance.  And  both  the  top  and  bottom  of  the  large 
cylinder  or  steam  vessel  should,  while  the  engine  is  at 
work,  communicate  alternately  with  a  condensing  vessel, 
into  which  a  jet  of  water  is  admitted  to  hasten  the  conden* 
sation,  or  the  condensing  vessel  may  be  cooled  by  any  other 
means  calculated  to  produce  that  effect.  Things  being 
thus  arranged,  when  the  engine  is  at  work;,  steam  of  high 
temperature  is  admitted  from  the  boiler  tu  act  by  its  elastic 
force  on  one  side  of  the  smaller  piston,  while  the  steam 
which  had  last  moved  it  has  a  communication  with  the 
larger  steam  vessel  or  cylinder,  where  it  follows  the  larger 
uiaton,  now  moving  towards  that  end  of  its  cylinder  which 
is  open  to  the  condensing  vessel.  Let  both  pistons  end 
their  stroke  at  one  time,  and  let  us  now  suppose  thein  both 
at  the  top  of  their  respective  cylinders,  ready  to  descend; 
then  the  steam  of  forty  pounds  the  square  inch  entering 
above  the  smaller  piston,  will  carry  it  downwards,  while 
«he  steam  below  it,  instead  of  being  allowed  to  escape  into 
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the  atmosphere,  or  applied  to  any  other  purpose,  will  pa« 
into  the  larger  cylinder  above  its  piston,  which  will  lake 
its  downward  stroke  at  the  same  time  that  the  pittton  of 
the  smaller  cylinder  is  doing  the  same  thing;  and  wh«te 
this  poes  on,  the  sleam  which  last  filled  the  larger  cylinder, 
in  the  upward  stroke  of  the  engine,  will  be  passing  into 
the  condenser  during  the  downward  stroke.  When  the 
pistons  in  the  smaller  and  larger  cylinder  have  thus  been 
made  to  descend  to  the  bottom  of  their  respective  cylinders, 
then  the  steam  from  the  boiler  is  to  be  shut  off  from  the 
top  and  admitted  to  the  bottom  of  the  smaller  cylinder, 
and  the  communication  between  the  bottom  of  the  smaller 
and  the  top  of  the  larger  cylinder  is  also  to  be  cut  off,  and 
the  communication  between  the  top  of  the  smaller  and 
bottom  of  the  larger  cylinder;  the  steam,  which  in  the 
downward  stroke  of  the  engine  filled  the  larger  cylinder, 
being  now  opened  to  the  condenser,  and  the  communica- 
tion between  the  bottom  of  the  larger  and  the  condenser 
shut  off;  and  so  on  alternately,  admitting  the  steam  to  the 
different  sides  of  the  smaller  piston,  while  the  steam  last 
admitted  into  the  smaller  cylinder  passes  alternately  te 
the  different  sides  of  the  larger  piston  in  the  larger  cylia- 
der,  (he  top  and  bottom  of  which  are  made  to  commonicate 
alternately  with  the  condenser. 

*^  In  an  engine  working  with  the  improvements  which 
have  been  just  described,  while  the  s^team  is  admitted  to 
one  side  of  the  piston  in  the  smaller  cylinder,  the  steam  oo 
the  other  side  has  room  made  for  its  admission  into  (he 
larger  cylinder,  on  one  side  of  its  piston,  by  the  condeiMft- 
lion  taking  place  on  the  other  side  of  the  large  pistos, 
which  is  open  to  the  condenser  ;  and  that  wa^te  of  stean 
which  takes  place  in  engines  working  only  by  the  expan- 
sive force  of  steam,  from  steam  passing  the  piston  in  ibr 
smaller  c)linder,  is  received  into  the  larger. 

"  In  such  nn  engine,  where  it  may  be  more  convenient  fw 
any  particular  purpose,  the  arr.ingenicnt  may  be  altered, 
and  the  lop  of  the  smutler  made  to  communicate  with  the 
top  of  the  larger,  and  (he  bottom  of  the  smaller  with  t%$ 
bottom  of  ihc  larger  cylinder  ;  in  which  case,  (he  only  dif- 
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ftrence  will  be,  that  when  the  pi^tun  in  the  smaller  cylin- 
der dpjicends,  that  in  the  larger  will  ascend,  which,  for 
fOiDA  particular  purposes,  may  be  more  convenient  than  the 
arrangement  before  described. 

h  will  at  once  be  seen  that  this  engine  of  Mr.  Woolfa 
■  the  same  in  principle  aa  Mr.  Hornblower*s,  described  at 
ptjfe  97,  which  we  have  shewn  to  possess  no  advantage, 
in  point  of  pouter,  over  the  expansive  engine  of  Mr.  Watt. 
If  any  advantage  be  possessed  by  the  double  cylinder  prin- 
ciple, it  is,  that  the  force  is  more  uniform  iti  it,  than  in 
Mr.  Watt's;  for  iu  the  latter,  if  the  force  bc^^in  at  2,  it 
cods  at  1  ;  whilst  in  the  former,  if  it  begin  at  2,  it  ends  at 
1.5.  It  was  on  account  of  thi^  great  variation  of  power, 
that  Mr.  Watt,  in  his  patent  of  1782,  described  such  a  num- 
ber of  methods  for  regulating  the  action  of  the  engine. 

Mr.  Woolf  has  erected  several  engines  on  this  prijiciple, 
which  have  been  found  to  perform  the  required  work  with 
aconsiderablesaving  of  fuel.  In  1S15,  the  etfeclH  of  somo 
of  those  engines  were  brought  into  comparison  with  those 
on  Mr.  Wattes  expansive  principle,  at  Cornwall.  Regular 
reports  have  since  been  made  by  Messrs*  J.  &  J,  Lean, 
general  superintendents  at  some  of  the  Cornualt  mines, 
hy  which  it  appears  that  there  is  an  immense  dilTerence,  in 
the  effect  of  the  engines  of  Mr.  Watt  and  Mr.  Woolf, 
compared  to  the  quantity  of  coals  consumed  by  each  ;  I  he 
ttving  being  in  Mr.  Woolf 's  favour.  It  should  be  ob- 
served, however,  that  Mr.  Woolf 's  engine  has  been  of 
aore  recent  construction,  and  consequently  has  all  the  ad- 
^ntages  of  improved  workmanship  and  reduced  friction^ 
furthermore,  that  Mr.  Woolfs  boilers  are  undoubtedly 
calculated  to  raise  a  larger  quantity  of  steam,  by  a  given 
quaotity  of  fuel,  than  those  on  the?  common  principle;  und 
iMly,  that  Mr.  Woolfs  carries  the  expansive  principle  to 
imuch  greater  extent,  by  introducing  the  steam  into  the 
Waller  cylinder,  at  a  much  greater  pressure  per  square 
inchfthan  Mr.  Watt  ever  professed  to  do  ;  from  which  it 
*ill  be  evident  that  the  advantages  of  saving  fuel,  men- 
ill  be  obtained. 
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tttt  to  surround  his  cylinders  in  place  of  steam,  previous«y 
used  to  prevent  the  waste  of  caloric.  He  also  proposed 
to  Hurround  his  piston  with  mercury,  or  employing  upon  il 
such  a  column  as  might  counlerhalance  the  pressure  of 
ihe  steam.  But  Mr.  Woolf  possesses  much  greater  claim 
to  notice  by  his  invention  of  a  most  excellent  method  of 
tightening  the  packing  of  pistons.  It  is  well  known  that 
the  piston  of  a  steam  engine,  by  continued  working,  becoiDM 
easy,  and  by  allowing  steam  to  escape  past  it,  occasiona  a 
considerable  wa:4tc  ;  so  that  it  is  necessary  in  Ihe  rommoa 
plan  to  take  olTthe  top  of  the  cylinder,  in  order  to  get  at 
the  screws,  or  supply  the  piston  with  fn^h  packing. 

Mr.  Woolf  obviates  this  difficult  and  laborious  opera- 
tion by  a  method  of  lightening  the  screws,  without  in  the 
least  disturbing  the  cover  of  the  cylinder,  which  he  th«i 
effects. 

He  ^tens  each  of  these  screws  into  a  small  wheel 
rrrcc,  as  shewn  in  the  annexed  figure,  which  are  all  con- 
nected with  each  other  by  means  of  a  central  wheel  d  dt 
which  works  loose  upon  the  piston  rod  in  such  a  manner, 
that  if  one  of  the  small  wheels  be  turned,  it  turns  the  ceiH 
tral  wheel,  and  the  latter  turns  the  other  four.  The  one 
that  i«  to  be  first   turned  is  furnished   with  a  projecting 
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^iiare  head,  which  rises  up  into  a  recess  ia  the  cover  of 
the  cylinder.  This  recess  is  surmounted  by  a  cap  or  bon- 
oet,  which  being  easily  taken  off,  and  as  easily  put  again  in 
its  place,  there  is  little  difficulty  in  screwing  down  the 
packing  at  any  time.  The  parts  are  so  clearly  expressed 
in  the  drawing,  that  no  further  description  is  necessary  to 
make  any  person  comprehend  it. 

The  other  method  is  similar  in  principle,  hut  a  Httle  dif- 
ferent in  constructii^R.  Instead  of  having  several  screws 
all  worked  down  by  one  motion,  there  is  in  this  but  one 
screw,  aoid  that  one  is  a  part  of  the  piston  rod:  on  this  is 
placed  a  wheel  of  a  convenient  diameter,  the  centre  of 
wbich  is  furnished  with  a  female  screw.  This  wheel  is 
umed  round,  L  e.  screwed  dow  n,  by  means  of  the  pinion  9, 
ikhkch  is  furnished  with  a  square  projection   head,  rising 

ioto  a  recess  of  the  kind  already   described.     The   ring  ia 

(irevented  from  turning  with  the  wheel  by  means  of  two 

oeady  pina. 
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Mr.  James  Boaz,  of  Glasgow,  obtained  a  patent  in  IWSi, 
"T  a  machine  for  raising  water  on  a  plan  somewhat  snai- 
'i""  to  Savory's. 

fiL  2  A 


{Boaz^s  Engine. 


a  IS  the  steam  cylinder  ;  i,  the  pipe  from  the  boiler,  ha^ 
ing  a  stop  cock  ;  k  a  wp.^te  steam  cocV  ;  c,  a  floating  piste 
attached  to  a  piston  rod.  £a  pipe  which  generalised 
taiiis  hot  water;/ water  pipe,  having  a  valve  at  9  ii 
mersed  in  the  well,  and  delivering  the  water  into  tl 
reservoir  V,  through  a  valve  z.     The  air  which  a< 
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]i(es  in  the  receiver  escapes  at  ;i ;  v,  the  raised  water  cis* 
tern;  d,  rarifying  or  exhausting  vessel. 

The  engine  being  filled  with  mercury,  between  the  line 
^and  the  lower  part  of  the  cylinder  a,  and  the  remainder 
vith  nater,  shut  (he  air  valve  z,  and  open  i ;  the  steam 
from  the  boiler  will  rush  into  the  receiver,  and  pressing 
on  the  surface  of  the  piston  forces  the  mercury  up  into 
the  exhausting  vessel  d.  The  water  above  Cj  and  in  the 
pipes  Efj  will  be  forced  up  into  the  cistern  V,  in  a  quantity 
nearly  equal  to  the  space  occupied  by  the  steam  in  the  re- 
ceiver. When  the  piston  has  been  depressed  as  far  as  is 
necessary  for  its  stroke,  the  self-acting  mechanism  attached 
to  its  rod,  shuts  i,  and  opens  k;  and  the  mercury  being 
noff  at  liberty  to  act  by  its  gravity,  descends  from  the  ex- 
haouing  pipe,  and  raises  the  piston  to  its  first  position; 
tod  the  steam  which  pressed  it  downwards  being  now 
allowed  to  flow  Into  the  atmosphere,  the  fall  of  the  mercury 
from  d  itito  a,  leaves  a  vacuum  in  dy  into  which  the  water 
in  the  well  is  pressed  by  the  atmosphere,  and  again  fills  it. 
Tbe  valve  at  y,  prevents  its  return  to  the  well  in  the  ope* 
ration  of  forcing  ;  and  the  valve  z  prevents  its  fall  from 
the  cistern,  when  the  vacuum  h  made  in  d.^ 

The  ingenuity  by  which  a  vacuum  is  obtained  in  this 
ngine  will  be  quite  apparent.  The  great  difhcuUy  in  all 
the  modifications  of  Savery's  engine  hod  hitherto  been, 
*bt  great  waste  of  steam  was  occasioned  by  its  being  ex- 
posed to  the  cold  water,  on  the  surface  of  which  it  had  to 
uert  its  force.  But  in  this  machine,  such  an  exposure  is 
BToided,  and  the  apparatus  is  as  simple  and  free  from  fric- 
tioQ  as  anything  of  the  kind  we  have  ever  known.  We 
have  never  yet  seen  mercury  used  effectively  in  large 
<]uantities  in  a  steam  engine  ;  but,  should  its  application 
here  be  found  to  be  attended  with  no  great  waste,  we 
doubt  not  but  that  this  engine  would  answer  the  purpose 
ofihe  inventor. 
In  the  year  1800,  Mr.  John  Trotter,  of  London,  obtained 
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{TrotUr$  Engine.     1806.) 

Ay  a  circular  piece  CAlled  the  outer  barrel.  B  the  t 
barrel.  C,  a  circular  piece  called  tho  eccentric.  D,  a 
piece  called  the  sweep,  which  shuts  completely  across  the 
space  between  the  inner  and  outer  barrels,  ro  as  to  inter- 
cept the  comrnnnication  in  that  part.  There  are  ca|H  or 
covers  at  each  end  of  the  pieces,  which  close  the  space  be> 
tween  the  two  barrels,  and  serve,  by  grooves  or  othor  wHl- 
Kiiown  fittings,  to  keep  the  other  parts  in  their  respective 
places. 

The  situations  aod  motions  of  the  parts  herein  enume- 
rated are  as  follow  : — Ist,  Tho  barrels  are  concentric* 
2ndly,  The  sweep  is  capable  of  moving  or  revolving  (either 
by  absolute  or  rotative  motion)  through  the  space  between 
the  barrels;  it  may  be  either  separate  from  tho  barreU, 
or  it  may  be  fixed  to  either  or  both  of  them,  and  in  the 
last-mentioned  cases,  the  barrel  or  barrels  to  which  Ihr 
sweep  shall  or  may  be  so  fixed,  will  necessarily  movr 
ftkoog  with  it.     The  tfweep  is  so  well   fitted  or  fixed  thak 
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no  iuid  shall  p^nm  tlirough  the  placcH  of  its  oppo^itioo  oi 
jttoction  with  the  barrels  or  caps,  or  as  tha(  the  quantity 
sQien^-d  to  pBitt  bhall  be  incoiitiiderHble.  3d]y,  The  eccen- 
iric  as  of  such  a  diaiaeier  and  ho  wrought,  that  its  concave 
und  convex  surfaces  i^hall  touch  the  inner  am)  outer  bar* 
rels^  and  that  the  places  of  contact  Bhall  not  admit  any 
6aid  to  pass  between  the  eccentric  and  ectch  barrel  seve- 
rally, or  at  IcaMt,  (hat  the  quantity  which  may  ho  pass  ijhall 
be  inconsiderable.  The  eccentric  is  capable  of  rotation  in 
ita  own  plane  or  periphery,  but  not  otherwise  with  relation 
lij  the  caps  ;  and  it  has  a  long  perforation  through  which 
ibeswe^p  ifl  put,  cousequently  the  sweep  and  eccentric  will 
always  move  together. 

It  may  be  pointetl  out,  as   distin«^uishing  characters  of 
this  engine,  (hat,  uhonever  the  sweep  is  moved,  the  space 
«hich  is  comprehended  between  the  barreUand  the  eccen- 
tric, and  (he  posterior  or  hinder  surface  of  the  sweep,  will 
lie  continually  enlarged,  and   that  the  space  which  i-j  in 
(ilie  manner  comprehended  between  the  barrels  and  the 
eccentric,  and   the  anterior  or  fore-surface  of  tlie  sweep, 
will  be  continually  diminished,  excepting  that,  soon  after 
the  »we^  has  pasted  at  or  near  the  places  of  contact  be- 
tween the  eccentric  and   the  outer  barrel?,  (he  posterior 
stpace  will  be  suddenly  diminished  by  the  separation  of  all 
that  portion  which  was  comprehended  between  (he  eccen- 
tric or  outer  barrel,  in  connequence  of  the  place  of  contact 
having  come  to  be  behind  the  9weep.     And  also,  that  Konn 
«Aer  the  sweep  has  passed  at  or  near  (he  place  of  contact 
bttw«en  (he  eccentric  and  the  inner  barrel,  (he  posterior 
ffpwe  will  be  suddenly  diminished  by  the  separation  of  alV 
tlMt  portion  thereof  which  was  comprehended  between  the 
«rrcoiitric  and  the  inner  barrel,  in  consequence  of  the  plare 
of  contact  having  come  to  l>e  behind  the  sweep,  and   (ho 
uidportionsi  so  separated  will   (hen  respectively  b«'ruii»« 
|H)r(ioa«  of  the  anterior  spaces,  in  coasi*quence  of  the  in* 
tmal  or  dif^lance  which  \vill  at  the  same  time  be  torriivi| 
l^tvfrn  the  eccentric  and   Ihe  barrel    immediately  lM*for# 
KMreep.     Whence  it   is  manifest,  that  if  an)    lluid  hm 
by  gravity,  elu:»ticify,  or  otherwise^  through  cm^  or 
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tnore  apertures  from  without  into  the  space  on  one  side  of 
the  sweep,  that  pressure  will  carr>  the  sweep  forward  and 
the  eccentric  along  with  it,  together  with  such  barrel  or 
barrels,  as  by  the  construction  shall  or  may  be  fixed  to  the 
■weep  ;  and,  moreover,  if  there  be  any  one  or  more  other 
apertures  communicating  from  the  opposite  side  of  the 
sweep,  in  order  to  allow  the  said  fluid  to  escape,  or  be 
carried  off  or  condenRrd,or  otherwise  disposed  of,  all  such 
portions  of  the  said  fluid  as,  by  the  change  of  situation  of  ■ 
the  sweep  hercin-beforc  described,  shall  be  separated  from 
occupying  part  of  the  space  behind  the  sweep,  and  «hail 
come  to  occupy  part  of  the  space  before  the  same,  will,  ia 
fact,  so  escape  or  be  carried  off,  or  condensed,  or  disposed 
off  and  the  rotatory  motion  of  the  engine  will  he  kept  up, 
and  may  be  applied  as  a  first  mover  to  other  works,  so  long 
as  a  due  supply  of  the  said  fluid  shall  be  afforded. 

It  is  manifest,  that  in  case  the  rotatory  motion  of  the 
said  engine  be  produced  by  any  force  not  applied  to  iu 
internal  parts  in  the  manner  herein-before  described^  and 
any  fluid  be  admitted  to  communicate  with  the  posterior 
space  within  the  same,  the  said  fluid  so  admitted  will  flow 
into  or  be  absorbed  in  the  said  space,  which  becomes  coo- 
tinuallv  enlarged,  and  will  afterwards  be  transferred  to, 
and  drawn  out  of  the  anterior  space,  which  becomes  coik- 
tinually  diminished  as  aforesaid  :  and  that,  in  this  applica* 
tion,  the  said  engine  may  be  used  to  raise  or  give  motion 
to  fluids  in  any  direction  whatt!ver.* 

This  rotative  engine  possesses  originality  and  ingenuity, 
which  cannot  be  said  of  many  which  we  have  enumerated. 
Our  readers  will  perceive  that  the  reasons  which  we  hare 
given  for  the  failure  of  many  of  such  like  attempts  may  be 
applied  to  this  apparatus  with  no  less  truth.     Friction  has 
been  generally  thecause  of  their  failure,  and  here  that  fric- 
tion appears  more  than  double  of  almost  all   we   have  vft 
noticed,  for  to  the  friction  of  the  sweep  we  must  add  ih$i 
of  the  ends  of  the  concentric  and  eccentric  cylinders^  which 
are  packed  at  their  peripheries,  besides  the  friction  oflbtf 
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points  where  they  are  in  contact  with  each  other.  If  ma- 
chines of  this  nature,  when  encumbered  with  only  one  inner 
cylinder,  have  been  inferior  in  effect  to  the  reciprocating 
engines,  it  cannot  require  much  dlHcernment  to  see  that,  in 
this  instance,  where  two  »uch  cylinders  are  used,  the  power 
must  be  trifling  indeed.  Further,  it  may  be  added,  that  all 
the  parts  would  be  liable  to  wear  out  of  the  form  in  which 
they  were  first  constructed,  ko  that  no  packing  could  pre- 
fcrve  them  steam-tight.  This  would  take  place  in  a  short 
lime,  al  the  sides  of  the  cavity  formed  in  the  eccentric 
cylinder,  for  allowing  the  sweep  ia  slide  through  it. 

We  consider  the  machine  we  are  about  to  describe,  in* 
vented  by  Mr.  Andrew  Flint,  (and  patented  about  the  same 
time),  as  liable  to  the  objections  we  have  Just  mentioned. 
The  difficulty  of  packing  indeed  (all  others  out  of  the 
question)  appeared  to  be  an  insuperable  barrier  to  its  ap- 
plication. 

The  annexed  fig.  1,  is  a  horizontal  section  through  the 
body  of  the  engine.  Fig.  2,  which  is  a  vertical  section  of 
the  same,  in  the  line  wx,  of  Gg.  1 ;  the  same  parts  in  each 
figure  being  marked  with  the  same  letter.  C  is  the  outer 
cylinder  of  cast  iron,  or  other  proper  metal;  D  the  bot- 
tom plate  of  the  same.  E  the  top  plate,  Brnily  fastened 
down  by  screws  passing  through  the  projecting  flangs  at 
//.  G  is  the  inner  cylinder,  hollow,  and  divided  by  a  par- 
tition at  A.  The  two  cylinders,  C  G,  must  be  turned  very 
trQe,and  placed  exactly  concentrically.  A  B  is  the  hollow 
central  shaft,  cast  in  one  piece  with  the  cylinder  G,  and  form- 
ing an  axis  to  it,  turning  in  the  stuffing  boxes  II.  K  and 
Lare  two  valves,  each  consisting  of  a  top  and  a  bottom 
pltle  n  «,  (see  fig.  4),  connected  by  a  portion  of  a  solid 
Cylinder  n.  The  plates  m  are  sunk  into  the  plates  D  and 
E,w)aatolie  flush  with  their  inner  surfaces;  and  the 
Connecting  piece  n  lies  in  and  fills  the  cavity  prepared  for 
''sreception  in  the  outer  cylinder  C,  at  o,  and  thus  com- 
pletes the  inner  surface  of  the  same. 

P  is  the  steam  float,  firmly  attached  to  the  cylin- 
''•r  G,  and  revolving  with  it  through  the  circular  passage 
l«fl  between  the  two  cylinders;    which  passing  it  accu- 
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rat^ly  closes  by  means  of  a  packing  composed  of  lu'inp, 

tallow,  or  other  substances  used  in  steam  engines  fur  that 

purpoee.     9999  shew  the  manner  of  packing  the  top  and 

the  bottom  plates  of  the  cylinder  G,  and  of  the  valves  K 

md  I>)  to  prevent  the  escape  of  the  gteam  between  them, 

lad  the  top  and  bottom  plates  of  the  outer  cylinder.  This 

ii  Alike  in  all  these  instances,  but  will  be  most  readily  un- 

dersCuod  by  comparing  tig.  1.  with  tig.  3,  which  shews  the 

]>arts  to  a  large  scale,     r  is  a  circular  groove  sunk  in  the 

inner  surface  of  the  plates  D  and  E,  aud  concentrically  to 

the  axis  of  the  cylinder  G,  and  of  the  valves  K  and  L  res- 

l^ectively.     In  this  groove  is  placed  a  metal  packing  ring 

J,  and  it  is   then  to   be  GUed   up  with  a  packing,  against 

which  the  surfaces  of  the  said  plates  of  G,  K,  and  L  work  ; 

and  this  packing  may  be  tightened  in  any  degree  necessary 

by  the  screws  asss,  which  press  upon  the  back  of  the 

pscking-ring.     It  is  proper  to  notice,  that  these  circular 

rin^  of  packing  should,  in  a  small  degree,  intersect  each 

other  at   I,  to   prevent  the  steam  from  escaping  between 

tkcm  into  the  vacuous  parts  of  the  engine.  QQ  arechasen 

filled  with  packing,  to  prevent  a  similar  escape  of  thesteam 

behind  (he  valves.  The  steam-float  P  is  to  be  packed  in  its 

place  by  means  of  the  circular  aperture  in  the  top  plate  EI, 

which  aperture  must  besecurely  closed  by  a  plate  fitted  into 

it,  and  confined  by  a  strong  dog  ;  or  the  packing   maybe 

introduced  by  holes  in  the  outer  cylinder  C,  which  may  be 

closed  in  a  somewhat  similar  manner;  but  this  mode  is 

twisidered  as  less  secure,  when  steam  of  great  elasticity  is 

ttuployed.     It  is  evident,  that  if  steam  of  sufficient  force 

headmitted  through  the  hollow   shaft  A,  it  will    fill  the 

low^er  division  of  G,  and  passing  through  the  hole  <>,  into 

the  circular  passage  already  described,  where  (the  valve  I^ 

b^ing  first  placed  across  the  said  passage,)  it  will  act  upon 

ll>e  steam* float  P,  with  a  power  proportioned  to  its  elasti- 

<:ity  and  the  area  of  P,  and  thus  face  it  round  till  it  passes 

the  valve  K,  the  steam  before  it  lindinga  vent  by  the  hole 

7*  into  the  upper  division  of  G,  and  so  through  the  shaft 

B  into  the  condenser.    If  now  the  valve  K  be  shut,  the  re- 

'flion,  as  it   is  termed,  will  take  place  against  it,  and  the 
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vulve  L  may  be  opened  to  allow  free  pa!M»age  to  I  lie  sceam- 
floBt.  These  valves  are  placed  in  (he  required  position  bv 
the  working  gear.* 

It  is  our  bu!jines8  next  to  describe  the  inventions  of  Mr. 
R.  Wilcox,  of  Bristol,  whom  we  have  already  noticed  in 
another  part  of  this  section.  He  obtained  a  second  pa- 
tent in  1805,  for  a  number  of  rotative  engines,  which  arc, 
in  our  opinion,  exceedinj^ly  ingenious.  The  work  enti* 
tied  Stuarl*s  History  of  the  Steam  Engine,  han  pa*sed 
over  the  contrivances  of  i\u4  gentleman,  by  remarking 
that  they  vary  from  Mr.  Flint's  only  in  somelrilling  alter* 
alions  of  the  cocks  and  steam  pipes.  But  it  uill  bo  Meed 
llial  this  is  incorrect,  as  some  of  the  plans  described  differ 
entirely,  not  only  from  Mr.  Flint's,  but  from  every  pre- 
vious attempt  of  the  kind. 

Kig.  1.  is  a  vertical  section  of  one  of  his  plans,  as  attache  1 
to  the  common  condenser,  for  the  purpose  of  shewing  one 
of  the  most  simple  and  compact  arrangements,  whore  the 
£team  is  condensed.    A,  the  outside  ca^e  or  cvlinder,  lixed 
to  the  framing  of  the  condensing  cistern,  or  any  otber 
more  suitable  and  convenient  framing  that   the  engineer 
may  Qnd  most  appropriate  or  suitable   to  the  locality  of 
the  premises,  where  the  engine  is  to  be  erected.     B  B,  the 
inside  or  revolving  cylinder,  attached  to  and   connectrd 
with  the  vertical  shaft,  which  is  Iht*  lirst  mover,  and  which 
gives  a  rotative  power  to  any  description  of  machinery  re*   . 
quiring  the  same,  through  the   medium  of  a  spur  wheel 
6xed  to  the  said  shaft,  when  a  vertical  motion  in  required: 
or  with  a  bevil-gear  wheel,  where  a  horizontal   mottom. 
is  wanted.     CC,  moveable   pallets,  gates,  or  valves,   fov~  < 
regulating  the  operation  of  the  steam  in  the  engine ;  one? 
of  the  said  pallets,  Sic,  is  attached  to  the  fixed  cylinder  A  , 
and  the  other  to  the  interior  cylinder   B,  as  is  more  dis- 
tinctly seen  in  fig.  2,  and  the  references  annexed.     D,  th^ 
steam  valve  for  the  admission  of  steam    between    the  said 
pallets.     E,  the  exhausting  valve,  for  the  egress  of  steaaa. 
The  gear  required  for  opening  and  shutting  the  %aUe<)  D 
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and  E,and  for  opening  and  t^butd'ng  the  said  palleUor  gal 
C  C,  is  so  nearly  similar  to  that  of  common  eng 
it  vtould  be  uselei^H  (o  describe  it  ftirfher  than  that  the 
said  valves  D  and  E  require  to  be  opened  and  closed  at  the 
same  time,  whereas,  in  {general,  they  are  opened  and  shut 
alternately  by  the  plug  tree,  or  other  simple  and  well- 
known  means.  F,  the  top  of  the  cylinder,  compoiied  of  a 
ring  of  metal,  for  pressing  the  packing  round  the  moveable 
cylinder  ;  the  lid  is  screwed  doH'n  with  screws,  as  is  usual 
in  securing  the  lids  or  tops  of  cylinders.  G  O,  two  rings  of 
metal  pressed  by  screws,  from  a  lever  secured  Co  the  top 
of  the  cylinder  F,  for  compressing  the  packing,  and  secur- 
ing the  joint  of  the  cylinders  A  U.  II  II,  a  circular  channel, 
into  which  the  revolving  cylinder  B  works,  for  the  purposs 
of  preventing  the  ingress  of  air  or  other  fluids  into  or  by 
the  said  interstice  or  channel^  and  which  is  packed  with 
hemp  and  grease,  and  pressed  in  such  a  manner  with  a  ring 
as  thereby  to  render  the  engine  more  efficient,  by  keeping 
it  perfectly  tight.  1,  the  common  condenser,  the  air  pump 
of  which  is  wrought  by  studs  or  stops  projecting  from  the 
horizontal  shaft,  or  any  other  simple  or  effectual  way,  which 
the  engineer  may  think  proper,  as  is  more  dislincly  seen  IQ 
fig.  3,  which  is  the  end  view  of  the  shaft,  and  the  side  view 
of  the  piston  rods ;  the  operation  of  which  is  so  obvlooa, 
as  not  to  require  elucidation.  Fig.  2  exhibits  a  bird^seye 
view  of  fig.  I ,  with  the  top  of  the  cylinder  and  compress* 
ing  rings  removed,  to  show  the  operation  or  apparatus  for 
opening  and  closing  the  pallets,  gates.  Sec,  and  also  part 
of  the  flanges  removed  to  show  the  situation  of  the  valves. 
The  letters  of  reference  in  this  case  of  fig.  2,  are  placed 
upon  the  same  parts  of  the  engine  as  in  fig.  1,  which  iL 
would  be  superfluous  to  recapitulate.  C  C,  the  pallets, 
&c.  formed  of  two  or  more  pieces  of  metal  ;  one  part  of 
the  said  pallet  is  permanently  secured  to  each  cylin- 
der A  and  B,  whilst  the  other  part  or  parts  turn  on  m 
joint  or  hinge  ;  which  said  joint  or  hinge  is  made  steam- 
tight  or  secured,  together  with  the  whole  of  the  edges 
ooming  in  contact  with  the  cylinder,  with  a  hempen  cloth 
stufTc'l    wadded,  or  folded  together,  or  by  other  siaiilt 
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materials,  capable  of  stopping  the  passage  of  steam,  and 
which  must  be  screwed  or  otherwise  fastened  on  the  front 
of  the  said  pallet ;  and  by  the  pressure  of  the  steam  it  is 
pressed  or  brought  in  contact  with  the  said  pallet  or  cylin 
ders,  and  thus  it  etfectually  prevents  the  escape  of  steam 
ur  other  fluids,  by  or  with  which  the  engine  is   wrought. 
K  K,  two  racks  and  pinions  communicating  by  a  straight 
uid  parallel  bar,  working  through  a  stuffing  box   in  the 
tides  of  each  cylinder,  whereby  the  said  valves  are  opened 
ind  shut,  whilst  passing  each  other,  from  the  external  part 
of  the  engine,  by  a  piece  projecting  from  the   upper  or 
k>wer  part  of  the  fixed   cylinder,  which  may  ho  placed  at 
tbe  option  of  the  engineer  ;  which  said  piece  in  its  pussage 
comes  into  contact  with  the  gear  connected  with  the  said 
palletit,  and   thereby  with   any  of  the  well-known  simple 
methodsor  gear  used  for  the  opening  and  shutting  of  valves 
in  the  present  steam  engines.  The  gates,  &c.  of  the  engine 
are  opened  and  shut  as  occasion  requires.     L,  (fig.  2,)  ex- 
hibits a  second  gate,  &c.  which  in  this  case  slides  backwards 
a^inst  a  straight  parallel  surface  during   the   time  the 
pallet  in  the  revolving  cylinder  is  passing,  when  the  said 
fate  is  sliding  by  the  gear  against  the  revolving  cylinder^ 
asinihe  drawing.    The  said   gates   may  be  opened  and 
cloied  in  a  variety  of  ifays,  such  as  a  spindle  ground  into 
the  bottom  of  the  fixed  cylinder,  and  connected  by  a  link 
Id  the  gate  internally,  or  a  crank  or  compound  lever  may 
beapplied,  instead  of  the  rack  and  pinion,  externally. 

In  another  plan,  Mr.  Wilcox  proposes  a  piston  firmly 
Sled  to  the  interior  cylinder,  and,  instead  of  gates  or  pat* 
I«ts,heha8  a  plate  of  metal,  which  is  drawn  into  a  recess  as 
the  piston  passes,  and  returned  immediately  into  the  cylin- 
der, so  as  to  become  aa  abutment  for  the  action  of  tho 
steam. 

In  this  plan,  A  is  the  outside  stationary  cylinder.  B,  the 
inner  cylinder  ;  C,  the  top  of  the  cylinder  and  rings,  as  in 
^^.  1  and  2,  already  explained.  D,  a  plate  of  metal,  as  re* 
presented  by  the  dotted  lines,  made  very  straight,  smooth, 
>nd  parallel,  as  it  respects  its  thickness.  E,  a  small  shafi 
or  axle,  working  through  a  box,  or  a  receptacle  fixed  on 
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ihr  ontside  of  the  cylinder  A,  allowing  room  sufficient  for 
the«aJd  plate  to  drop  clear  off  to  the  bottom  of  the  cyKn- 
der^  whilst  an  accurate  incision  is  made  in  the  bottom  and 
side  of  the  cylinder,  sufficient  to  admit  the  said  plate  D  to 
slide  freely  up  and  down,  which  is  effected  by  a  rack  and 
pinion,  or  lever,  or  any  other  simple  contrivance  attached 
or  connected  to  the  extremity  of  the  shaft  E  ;  by  which 
means  the  steam  is  caused  to  act  on  the  same  or  a  similar 
principle,  as  in  Gg.  I.  F,  (fig.  4,)  presents  a  second  way  of 
producing;  the  same  effect,  namely,  that  of  raising  a  plate 
of  metal  through  an  incision  made  in  the  bottom  of  the 
cylinder  A,  from  a  box  fixed  underneath  the  cylinder, 
through  the  medium  of  a  parallel  bar  working  through  a 
stuffing  box,  whereby  the  said  plate  D  is  raised  or  de- 
pressed, as  the  working  of  the  engine  requires. 

**  Fig.  5,  is  a  bird*s-eye  view  of  fig.  4,  with  the  same 
geueral  letters  of  reference  to  their  respective  parts,  as  in 
fig.  4.  K,  the  steam  passage.  L,  a  passage  leading  or 
communicating  with  the  condenser,  when  the  steam  is  re- 
<)uired  to  be  condensed.  Here  it  may  be  necessary  to 
remark,  that,  although  the  plate  D  be  shown  as  rising  up- 
wards, considering  it  to  be  the  most  convenient  way, 
leverlbeless,  the  boxes  necessary  to  receive  the  plates  may 
b« placed  above  the  cylinder,  and  the  plates  may  be  raised 
■nan  oblique  instead  of  a  perpendicular  direction. 

''  ^  <^*  '^y  is  the  plan  of  another  rotatory  engine.  A,  the 
outside  fixed  cylinder.  B,  the  inner  or  revolving  cylinder, 
t)  Dj  two  or  more  pallets,  working  through  a  deep  stuffing 
Ih)x,  and  turned  by  a  lever,  or  other  power,  from  the  ex- 
^rna]  part  of  the  engine,  alternately  flat  or  edgewise;  the 
pUlon  F  is  fixed  to  the  revolving  cylinder  ;  E,  is  the  steam 
parage,  that  to  the  condenser  not  being  shown. 

*'  Fig.  10,  is  a  bird's-eye  view  of  a  rotary  engine,  a& 
wrought  with  a  cock  or  portion  of  a  circle,  whereby  a 
•imilar  effect  is  produced  as  in  fig.  1,  by  or  with  a  portion  of 
circles:  in  these  figure?!,  8  and  1  I,  the  lids  of  the  cylinders 
afe  removed,  and  a  part  of  the  flanges,  where  the  circles  or 
'Tegular  cocks  are  used,  is  broken  off,  to  render  the  work- 
'"S  parts  conspicuous.     A,  the  outer  or  fixed  cylinder. 
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B,  inner  or  revolving  cylinder.  C  C,  the  pallet,  cock,  or 
porhon  of  a  circle,  filted  accurately  into  the  circle  it  pre- 
scribes; with  a  spindle  working  through  the  top  of  the 
cylinder.  D,  the  groove,  into  or  against  which  the  part 
coming  into  contact  with  the  revolving  cylinder  is  secured 
vith  a  piece  of  hardened  metal,  in  order  that  the  constant 
Triclion  of  the  revolving  cylinder  shall  not  injure  the 
pallet  or  cock.  E,  the  passage  to  the  boiler.  F,  the  passage 
to  the  condenser.  G,  the  pallet,  secured  to  the  working 
cylinder.  In  this  figure  two  portions  of  circles  and  cocks 
are  introduced,  for  the  purpose  of  showing  Ciearly  their 
situations  in  different  places,  the  same  as  in  fig.  10. 

"Kig.  II  exhibits  a  bird*s-eye  view  of  a  rotatory  engine, 

M  wrought  by  a  cock  or  cocks,  which  regulate  the  steam 

instead  of  valves,  and  also  act  as  the  principal  cock  or 

pallet  in  the  said  engine.   A,  the  outer  fixed  cylinder.     B, 

the  inner  revolving  cylinder,  with  a  fixed  pallet.    C  C,  the 

cock^j,  which  are  wrought  from   the  external  part  of  the 

engine,  by  a  spindle  passing  through  the  top.     D,  a  piece 

of  hard  rnetal,  introduced  into  the  said  cock,  to  resist  the 

friction  of  the  revolving  cylinder,  as  explained  in  fig.  10. 

E,steam  passage.     F,  passage  to  the  condenser."* 

The  first  of  Mr.  Wilcox*s  plans  (1  and  2)  is,  as  far  as  we 
know,  perfectly  original.  Its  great  complexity  has  been. 
■K)  doubt,  a  great  cause  of  its  abandonment;  if,  indeed,  it 
was  ever  tried.  The  number  of  racks,  pinions,  gates, 
pallets,  joints,  grooves,  slides,  and  stufliing  boxes,  must 
instantly  impress  the  mind  of  every  one  with  an  idea  of 
Mh  great  inferiority  to  the  most  complex  reciprocating 
*ogino. 

The  second  scheme  (4  and  5),  it  will  be  perceived,  re- 
imnbles  in  its  general  principle  one  of  Me&srs.  Brainah  and 
Dickenson's  engines,  a  description  and  plan  of  which  will 
I*  found  at  page  1 II,  of  this  work.  The  objections,  there- 
forr,  which  have  been  made  against  that  plan,  will  apply 
equally  to  Mr.  Wilcox's. 


•  Specification  of  PaUhV 


So 


m 


MAUDSLAY  8    PORTABLE    BNOINE. 


In  the  third  plan  (8)  we  apprehend  that  a  great  wast 
of  steam  would  arise  from  the   ditliculty  of  making  th 
pallets,   D,  unite  sufliciently  close  at  the  joints;   besid 
that  the  complexity  would  be  nearly  as  great  as  the  firs*^ 
plan. 

The  fourth  and  fifth  plans  (10  and  W)  resemble  that  o^ 
Mr.  Flint's  so  nearly,  that  we  doubt  not  they  failed  frorr^ 
the  same  cause. 

In  the  year  1807,  Mr.  Henry  Maiidslay,  of  London,  oh — 
tained  a  patent  for  a  Portable  Engine,  in  which  he  intro- 
duced i^evcral  ingenious  improveuientM  on  the  valves  and. 
working  parts  of  steam  engines,  which  tended  not  only  lt» 
reduce  the  friction,  but  altogether  to  render  them  tighter* 
and  more  compact.  The  accompanying  (igurn  will  enable 
our  readers  to  understand  what  these  improvements  were- 

A,  represents  a  tVame  of  thin  cast  iron,  for  the  purpose 
of  Hxing  the  cylinder.  B  B  are  two  cold  water  cisterns, 
of  merely  sufficient  size  to  admit  of  easy  access  to  the 
pumps  within  them;  they  communicate  with  each  other 
by  a  pipe  a,  C  is  the  cylinder  surrounded  by  a  casing  (6) 
of  copper,  or  other  material.  The  space  between  the 
cylinder  and  casing  is  tilted  with  wool,  or  some  other  im- 
perfect conductor  of  heat;  D  is  the  piston  rod,  joined  to 
smaller  rods  carried  down  on  each  side  of  the  cylinder  to 
E,  and  having  an  opening  or  division  so  as  to  avoid  inter- 
fering vvilh  the  main  nhaft.  These  rods  are  at  their  lower 
ends  fixed  to  a  wheel  F,  with  a  fluted  rim :  from  the  centre 
of  which  a  connecting  rod.  G,  is  carried  to  the  end  of  the 
crank.  The  wheel  F  runs  between  two  guides,  c  c,  so  as 
to  preserve  the  rectilineal  motion  of  the  rods  E,  and  the 
piston  rod  D.  H  is  the  crank,  a  three-throwed  one.  J,  a 
cross  beam  for  working  the  pumps  POM;  its  molioo  ii 
procured  by  having  a  fork  underneath  it,  uhich  embraces 
one  of  the  cranks  H,  on  which  is  a  roller  for  ruduciag 
friction.  Uy  this  means  the  fork,  and  consequently  the 
beam  and  puinprods,  are  reciprocated  by  the  revolution  of 
tile  shaft.  K  K  is  the  Hy  wheel :  L  i^  the  condenser,  con- 
taining the  air  pump  M;  N  is  the  hot  water  cistern,  and 
O  the  hot  water  pujiipj   1',  the  cold  water  pump;  Q,  the 
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'tijectioD  cock;  R  the  steam  pipe  from  the  boiler  to  the 
cylinder;  S  the  eduction  pipe.  The  steam  is  admitted 
wio  the  cylinder  by  a  four-way  cock,  which  differs  from 
lltat  generally  used  by  its  being  considerably  more  tapered, 
•hich  effectual!}  prevents  it  from  jamminf^  by  unequal 
^tpan^ion  or  contraction,  an  evil  to  which  the  common 
tock  is  liable. 

There  arc  few  machineft  which  display  more  ingenuity, 
''(her  on  account  of  skilful  arrangement  or  neatness,  than 
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this;  and,  as  it  regnrds  its  utility,  it  need  only  be  saiJ,  that 
long^-continued  triala  have  fuli\  established  the  great  ex- 
cellence of  Mr.  Maudslay's  engine.  We  do  not  pass  over 
this  machine,  therefore,  with  so  short  a  description  on  ac- 
count of  any  doubt  respecting  its  merits;  for  were  the 
length  of  our  remarks  to  be  governed  by  our  opinion  of  the 
utility  of  any  machine,  they  would  in  this  instance  extend 
over  several  pages.  But,  however  beautiful  may  be  the  ar* 
rangement  of  Mr.  Maudslay's  engines,  this  is  not  their  sole 
merit;  for  Mr.  M.  has,  by  superior  workmanship,  and 
most  careful  attention  to  the  selection  of  good  materials, 
obtained  the  reputation  of  being  one  of  the  best  raanu- 
facturers  of  steam  engines  in  the  world. 


Mr.  J.  Mead,  of  Hull,  obtained  a  patent  for  a  rotary 
engine,  in  1808,  of  which  the  following  is  a  description. 

A  and  B,  Hg.  t.  are  two  circular  plates  or  shells  of  metal, 
similar  in  their  construction,  having  their  insides  turned^ 
or  otherwise  made  very  true  and  correct ;  A  has  its  outside 
uppermost,  and  B  its  inside  uppermost.  Each  of  these 
circular  plates  or  shells  have  a  flange  and  semicircular 
cavity,  formed  for  the  reception  of  the  pistons  which  are 
afterwards  described,  and  a  recess  or  hollow  part  formed 
round  its  centre  for  a  small  circular  plate  to  turn  in. 
Near  to  the  edge  of  each  recess  is  a  small  groove  running 
quite  round  it  ;  in  (he  bottom  of  each  groove  is  placed  a 
metallic  ring,  O  O,  capable  of  being  adjusted  by  screws 
un  the  outside  of  each  shelL  At  its  centre  is  a  hollow  pipe 
or  boss,  for  the  reception  of  the  spindles,  F  and  G.  The 
plate  A  has  also  two  holes,  a  a,  Gg.  3.  to  which  pipes  are 
fitted,  one  to  convey  steam  into  the  shells,  the  other  to  con- 
duct it  from  them  into  a  condenser,  or  wherever  it  may  be 
required.  C  C,  two  pisloua  with  grooves  round  them  to 
admit  of  a  packing  or  wadding.  D  and  B,  two  circular 
platesy  to  which  the  pistons  are  connected  or  made  fast. 
F  and  G,  two  shafts  or  spindles  ;  the  spindle  G  is  made 
hollow  to  receive  the  spindle  F,  which  passes  through  it. 
H  BDd  1,  two  arms  made  fast  to  the  two  spindles ;  each  armi 
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nrnr  its  extremity,  carries  a  wheel  K  und  J,  which 
grnorally  termed  friction  wheels.  L,  a  fly  or  are^ula 
wheel,  fixed  to  one  end  of  a  «haA  or  moveable  axitf,  I 
in^  in  its  side  opposite  to  itn  axis  a  groove  running  jg 
iU  diameter  for  the  reception  of  the  friction  wheel^H 
X,  which  wheeltt,  when  the  pistons  are  put  in  motion,  m 
in  it,  and  give  motion  tu  the  fly  wheel  and  other  macbii 
which  may  be  connected  with  it.  R  R,  the  hollow  pi 
or  bosses  for  the  spindles  to  work  in  ;  S  S,  flanges  by  wl 
the  shells  are  fustenod  together.  Fig.  *2  is  a  front  viei 
one  of  the  piston!;!,  with  its  circular  plute,  arm,  and  fric 
wheel  :  J,  the  friction  wheel  ;  H,  the  arm  ;  D,  a  circi 
plate,  and  C  the  piston.  V  V  V  grooves  for  the  recep' 
of  the  packing  or  wadding,  which  is  io  be  made 
therein.  When  Ihe  engine  is  to  be  put  together,  the  ■ 
are  taken  oflf  from  the  f^pindles  ;  the  spindle  F  is  ibei 
be  inserted  in  the  hollow  spindle  G,  which,  with  their 
pective  pistons,  are  placed  in  one  of  the  shells,  and  the 
shell  placed  over  the  other  ;  the  shells  are  then  fasti 
together  with  screws  or  otherwise,  so  as  just  to  admit 
pistons  with  their  respective  plates  and  spindlcts  tu  t 
round  in  their  channels  nearly  steam-tight  ;  the  armai 
then  be  made  fnst  on  the  spindles,  and  the  engine  crec 
Place  the  direction  of  its  axis  in  a  horizontal  or  1^ 
direction,  parallel  with  the  direction  of  the  axis  of  |H 
but  nearly  as  much  nut  of  that  line  as  the  length  of  oH 
the  arms,  H  and  1,  taken  from  the  centre  of  the  spindl 
the  centre  of  its  friction  wheel,  and  at  such  a  distance  f 
the  fly  as  to  admit  of  the  friction  wheels  moving  frcnrl 
the  groove  on  its  face.  By  so  doing,  the  axis  of  the  eii| 
will  be  placed  eccentric  with  the  axis  of  the  fly.  TheeS| 
may  he  (ixed  in  an  iron  or  wooden  frame,  and  the  fly  a 
ported  in  the  same,  or  a  separate  frame,  in  the  poaitioo 
fore  pointed  out.  If  the  fly  be  then  turned  half  way  roi 
upon  its  axio,  one  of  the  friction  wheels  will  remain  loc 
or  held  fast  in  the  groove  near  its  centre,  an  1  the  pit 
with  which  it  is  connected  will  remain  nearly  .stationar) 
the  titeam  chamber,  between  the  holes  a  oi,  while  the  ot 
friction  whi-el,  with   its  »riii,  spindle,  small  circular 
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and  piston,  make  nearly  one  complete  revolution,  roumi 
their  conuiion  centre  of  motion,  or  the  centre  of  the  en^^ine. 
If  (he  motion  of  the  fly  continue  till  it  has  made  one  com- 
pete revolution  round  its  own  axis,  the  friction  wheel, 
vhtch  watt  locked  or  held  fast  in  the  groove  near  its  cen- 
tre, will  move  off'in  the  groove  towards  the  circumference 
of  the  By,  and  with  its  arm,  spindle,  small  circular  plate^ 
10(1  piston,  make  nearly  one  complete  revolution  round 
iKeirconirnon  centre  ofmotion,  or  the  centre  of  the  en<rine, 
lod  tbe  other  friction  wheel  in  itH  turn  remain  locked, 
or  held  fast  in  the  groove  near  the  centre  of  the  fly,  and 
tbe  piston  with  which  it  is  connected  remain  nearly  stati- 
ooary  within  the  steam  chamber  l>etween  holes  a  a;  and 
10  on,  alternatelVf  as  long  as  the  fly  continues  in  motion. 
Instead  of  the  hollow  spindle  G,  and  the  solid  spindle  F, 
two  other  solid  spindles  may  be  used,  by  applying  one  to 
nrfa  small  circular  plate,  and  passing  them  through  the 
opposite  pipes  or  bosses,  each  having  its  arm  and  friction 
wheel  as  before,  but  working  in  separate  grooves  mounted 
Oftseparate  axles,  and  united  by  wheel  work.  When  the 
Oigine  is  to  be  set  to  work  by  the  force  of  steam,  the  steam 
is  permitted  to  enter  by  one  of  the  pipes  into  the  steam 
chamber,  where,  by  its  elasticity,  it  will  press  or  act  upon 
hoth  pistons  nearly  alike  ;  and  as  one  of  the  pistons  is 
!!topped  or  held  fast  by  the  aforesaid  methods,  the  steam 
cannot  pass  into  the  other  pipe  that  way,  but  will  force 
the  other  piston  round  with  its  small  circular  plate,  spin* 
dlf,  arm,  and  friction  wheel,  and  put  the  fly  in  motion,  and 
continue  it  a-4  before  explained.  A  similar  effect  may  be 
produced  with  a  concave  globe  or  sphere,  having  within  it 
two  moveable  semi-circular  leaves,  (as  a  substitute  for  the 
pistons,)  with  packings  at  their  edges,  and  united  in  the 
ttnire  or  axis  of  the  globe  with  joints  or  hinges,  and  hav- 
ing each  of  ihem  an  axis  passing  through  the  globe  to  re- 
wire the  arms  and  friction  wheels  as  before  described,  and 
*ilh  holes  and  pipes  for  tbt  admission  of  steam."* 
By  referring  to  Hornblower's  Engine,  described  at  p.  121, 


it  will  lie  seen  (Kal  the  principle  of  the  alternate  re| 
of  two  pistons  U  adopted,  both  in  his  and  in  Mr.  ] 
but  although  there  nii«;^ht  not  bo  that  ditlcrenco 
latter  engine  dm  to  merit  the  nanne  of  an  original  H 
it  is  extremely  ini^enious;  and  the  method  whei 
has  endeavoured  to  avoid  the  striking  of  the  if 
phragms,  is  probably  the  nearest  approach  to  a  rei| 
that  evil,  which  we  stated  wus  the  probable  roasoi 
abandonment  of  Horublower*s  plan.  For  here, 
aid  of  the  fly  wbeel^  the  moving  piston  is  gij 
brought  (like  (he  piston  of  the  reciprocating  eng\\ 
state  of  rest y  so  that  the  striking  would  be  alni<i 
away  with.  This  being  the  case,  we  feel  much  dj 
in  sati:$fying  ourselves  as  to  the  cause  of  failure  :  9 
for  the  a^urance  that  it  did  actually  fiiil^  we  shoo] 
almost  expected  that  it  would  have  exceeded  in  e| 
rotative  engine  we  hnvi*  yet  described.  For  a| 
there  is  reason  to  believe  that  the  wailding  or  | 
would  be  torn  out  of  its  place,  in  passing  over  the 
for  the  admission  and  exit  of  the  steam,  yet  that  dj 
eould  be  removed  by  the  substitution  of  metallic  p 
If  this  engine  ever  had  a  tair  trial,  under  circu^ 
where  there  were  no  local  inconveniences,  we  co| 
cannot  see  why  its  effect  was  not  equal  at  least  tO| 
a  beam  engine.  It  is  true,  the  revolution  is  neiUl 
linuous  nor  equable,  but  this  is  no  more  the  case  « 
engine  in  use ;  but,  on  the  contrary,  a  much  greater! 
matter  in  others,  that  is  to  be  brought  to  re«t  at  eacll 
of  motion.  j 

Mr.  Samuel  Clegg,  of  Manchester,  obtained  m 
for  a  Rotative  Engine,  in  the  year  1809,  the  prin 
which  is  thus  explained. 

^*  Fig.  1.  is  the  underside  of  a  circular  piece  of 
and  of  a  diameter  urid  thickness  proportioned  to  ihi 
the  engine.  1  is  the  common  centre  of  the  difrerenl 
shown  on  this  piece.  With  any  convenient  radl 
than  that  of  A  A,  describe  the  circle  C  C,  and  wit 
latter  the  circles  D  D  uuil  EE, — the  radius  of  tbt 
being  the  least  of  those   now  named.     From  the 
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{CUgg's  Rotary  Engine,     1809.) 

ihese  parts,  which  will  be  immediately  described,  an  idea 
of»ht?ir  relative  dimensions  will  readily  be  inferred.  Let 
that  part  of  the  surface  A  B,  A  B  which  is  contained  be- 
tween the  circles  A  and  C,  be  plain.  Between  the  circles 
C'and  D  sink  a  circular  g^roove  CD  of  any  given  depth  ; 
lad  between  the  circles  D  and  E  let  another  circular 
yroove  be  cut,  of  the  breadth  D  E,  and  of  any  given  depth 
Ksithan  that  of  the  groove  C  D.  Let  the  remaining  pari 
oftbe  surface  A  B,  namely,  that  included  between  E  and 
6) be  cut  down  to  any  depth  less  than  the  depth  of  the 
poove  DE. 

"  Into  the  groove  CD,  let  such  a  number  of  segments  of 
t  circle  be  fitted  a:>  shall  form  a  complete  circle,  except- 
ing the  space  at  L,  which  is  occupied  by  adjusting  screws 
Of  springs,  to  keep  the  segments  close  together.  The  seg- 
ihentsare  the  breadth  (or  nearly)  of  the  groove  CD,  and 
of  1  depth  less  than  that  of  the  groove  C  D.  Those 
fides  of  them  which  apply  to  each  other  are  to  be  ground 
"^ffpther  plain,  and  air-tight  if  possible.   Their  under  sur- 

9.  2d 
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faces,  which  arc  shown  in  fig.  I,  nr<r  to  he  flnl, 
whole  may  form  one  complete  pluiii  Hurface,  «xi 
epncc  beforc*iiientioi)c'd,  whicli  im  luken  up  b) 
screws  or  springs  L,  wliich  screws  or  «priii|^:i  ar 
far  below  the  surface  a:^  (o  let  a  roll«^r  pMii4  by  tl 
will  he  mentioned  hereafter. 

"  Fig.  2.  reprcsentH  a  vertical  section   of  lh« 

grooves  of  lig.  I,  resting  upon  a  circular  chaml>e 

space  Y  Y,  to  which  chamber  the  sni<l  plate  fo 

covering,   excepting   that   space  occupied    by 

screws  L  L,  as  beforc-mentioned.     I,  (he  centn 

groovers  iind  circles  before-described,  is  also  the 

the  shaft.     On  the  shaft  1  it  fastened  a  plate   o 

Z,  in  which  is  inserted  a  bar  F:  this  bar  may 

given    breadth,  but  in  depth   must  be  less  th 

which  the  circle  EB  was  cut   below  the  surfac 

this  bar  is  attached  a  wheel   or  roller  G,  shown 

upon  u  larger  scale.     The  manner  in  which  it 

10  (he  bar  F  is  also  there  seen,  and   it  is  so  atta 

that   the   top  (»f  the    wheel   or   roller  G  shall 

higher  than  the  top  of  the  bar  F.     The  wheel 

attached  to  the  bur  F,  will,  when   the  bur  is  m 

volve,  describe  a  circular  path  H  H  H  along  the 

face  of  the  segments,  before  described.     Let  th 

of  the  plain  surface  of  each  segment  which  aiisv 

path  of  the  roller  O  be  rounded  oflT,  in  such  a  mi 

make  that  portion   of  the  i^urface   an  arc   of  a- 

come\  circumference  of  which  is  presented  to 

G*     In  fig.  3,  at  H,  is  shown  a  perpendicular  vi 

of  the  segments,  rounded  u\Y  in  the  manner  deec 

protein ing    its   convex    circumference    to    thi» 

There  may,  likewise,  be  another  roller  attached 

behind  it,  to  lower  down  the  segments  in  tbesar 

in  which  they  are  raised  by  the  tirst  roller.    No 

vious,  all   the  said  segments  being  in  their  pla 

groove  C  D,  Hg.  1,  that  the  roller  G,  in  perfon 

volution  round  the  centre  I,  m  >^i  ir.nel  iihuig  i 

convex  arcs  of  circles,  equ  il   in  number  to  the  i 

•ej^ments  in  the  groove  C  D.     The  groove  D  E 
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a  recess  in  the  deeper  i^roove  C  D,  and  may,  if 
be  filled  with  hemp  or  tallow,  or  any  other  mate, 
may  answer  the  purpose  intondod. 

**'  It  must  be  remembered  that  iig.  1,  is  a  view 
derside  of  the  machinery.     Fig.  2.  ia  a  section 
posed  to  be  in  its  proper  position,  resting  an  a  co 
circular  chamber  Y  Y,  and  the  segmentn  rentin 
flat  facing  OO.      £ach  segment  projects  over 
OO  on  both  sides  ;   their  projection  on  one  side 
the  cover  over  the   hollow  chamber,  and  the   ot 
rounded  surface  for  the  roller  to   lift   them.     T, 
OO  is  exactly,  ora^  nearly  as  can  be,  level  with  ( 
side  of  the  plate  A  B  A  B,  when  the  plate  is  on   id 
as  represented  in  fig.  2  ;  so  that  when  the  scgniead 
ill  their  places,  they  complete  the  semi-circular  Cj 
and  Ht  so  close  on  their  seats  and  in  the  groove, 
the  chamber  to  be  filled  with  anyela^ic  fluid,  th 
prevent  its  escape,  or  nearly,  excepting  where  th 
left  for  the  springs  or  adjusting  screws.     The  use 
segments,  which  fire  tvhai  (he  patentee  claims  as 
tion,  is  as  follows :  —  Conceive  a  door  or  valve  to 
in  the  hollow  chamber  at  Q,  and  a  piston  R,  like 
in  the  chamber  so  as  to  move  round  in  it,  and 
made  fast  to  the  piston,  on  the  side  and  in   the  ml 
presented  in  fig.  1  ;  then,  if  an  elastic  fluid   of  i 
strength  enters  the  chamber  at  N,  it   will  prt-vt 
against  the  door  or  valve,  ai.d  the  piston  ;   but  th4 
vulve  being  immoveable,  and  the  piston  moveablfl^ 
ton  will  be  propelled  forward  in  the  circular  chi 
the  clastic  fluid.     The  bar  F 
and  the  roller  G  to  the  bar  F 
in  fig.  •{,  and  the   roller  being 
piston,  the  roller  will  lift  the  segments  in  succ 
comes  in  contact  with  them.    The  segments  before 
being  by  this  means  lifted,  allow  the  bar  to  passy 
operation  being  the  same  in  all,  the   bar  and  pist^ 
»  complete  revolution.     Each  segment,  as  soon  as 
Vaves  it,  falls  down  by  its  own  gravity,  or  by  spl 
any  other  contrivance,  so  that  the  opening  which. 


1  in  the  circular  chi 
being  fastened  to  tbi 
\  in  the  manner  repj 
;  in  motion  with   the] 
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for  Ihe  bar  to  pass,  is  closed  before  llie  elastic  fluid  reaches 
it;  Ihe  elastic  Huid  boiiiff  kept  from  the  opening  by  the 
inuer  breadth  of  ihe  piston  exceeding  the  outer  diameter 
ufeach  segment.  The  door  or  valve  is  lifted  out  of  the 
ff«y  of  Ihe  piston,  when  the  piston  comets  in  contact  with 
ii,  into  the  opening  in  the  plate  at  N,  a  recess  being  made 
iDthjl«egme»l  which  is  opposite  the  door  for  that  purpose; 
during  \ihich  time  the  elastic  fluid  is  shut  out,  but  it 
pDiers  again  when  the  door  returns  to  its  seat,  and  thus 
ll»e  operation  conlinut^. 

'*  In  flg.  2,  C  is  the  condensing  vessel,  a  the  air  puuip, 
filhe  air-pump  buckets,  d  the  hot  water  cistern,  e  the  clack. 
//)  the  inclined  plane  for  working  the  air-pump  bucket,  is 
Mened   in  the  shaft,  and   consequently   rcvoUcs  wiili  it. 
Tuihe  air* pump  bucket  is  attached  a  hollow  lube,  through 
ubich  (he  shaft  goes.     To  this  tube  is  fastened   a   cross 
bar,  at  each  end  of  which   is  a  roller  r,  resting    upon   the 
iDctined  plane  :  of  course,  when  the  plane  revolves,   the 
backet  rises  and  falls.     The  plane  is  divided  into  two  dif- 
ferenl  angles,  so  as  to  make  it  more  acute  where  the  bucket 
rises,  but  nearly  an  angle  of  45"  where  the   bucket   de- 
icetids,  as  represented  in  the  drawing.     The  injection  en- 
ItTS  the  groove  above  the   blocks,  and  keeps  about  three 
inches  of  water  upon  them  :  the  injection  (hen  enlpfs  the 
condenser  out  of  the  groove,  as  seen  at  X.  Each  segment  or 
Mork,  K,  is  of  sufliicient  weight  to  resist  the  pressure  against 
ihat  part  of  their  under  surface  which  is  over  the  semi- 
circular chamber,  and  will  generally  be  about  five-eighths 
ufan  inch.     The  blocks  may  be  likevvise  lifted  exactly  in 
lbcircen(re  of  gravity,  by  means  oi'  a  levei-  in  the  upper 
pan  of  the  groove,  and  worked  by  a   roller  or  small  in- 
clined plane  fastened  to  the  shaft,  as   represented   by  the 
doited  lines  ;  and  as  it  is  not   necessary  for  the   blocks  to 
rise  more  than  half  an  inch  or  five-eighths,  the  motion  will 
Wvery  easy  ;  and  whatever  descending  power  the  blocks 
bivr,  they  will  propel  the  bar  forwards   proportioned  to 
iheir  weight  and   the  space  through  which   ihey  move,  so 
tlwt  there  is  only  (he  friction  of  ihe  blocks   to   overcome. 
Supposing  the  pressure  on  the  piston  to  be  800  lbs.   the 


a 


freight  of  all  ihc  blocks  will  be  about  500  Ibif.  for  suci 
ized  piHtou,  and  will  »olclom  exceed  more  fur  the  larg 
engine?!,  as  the  space  for  the  bar  to  pass  will  be  nearly  f 
same  in  all^  the  strength  of  the  bar  depending  upon 
breudth,  not  on  it^i  thickness:  (hus,  NX>lb-<  will  inc 
through  the  space  of  \G  fee(,  whiUt  oOO  lbs.  go  through  i 
space  of  half  an  inch;  then,  if  the  descending  of  ihe  blo< 
be  taken  into  con^^ideration,  as  before  deiscribed,  the  fr 
tion  of  the  blocks  will  make  no  sensible  difference  to  1 
progress  of  the  piston.  The  lid  M  being  the  only  openi 
into  the  engine,  and  the  only  stuffing  box,  and  thai  coTCf 
with  water,  no  air  can  enter  but  what  is  contained  in  I 
•water  used  for  injection/'* 

It  is  tMir  opinion  that  this  patent  would  never  have  « 
iftted,  had  INlr.  Clegg  been  acquainted  with  the  effoeU 
Hteuni  acting  on  a  lever,  as  explained  at  page  ti9.  Il 
there  shown  that  no  increase  of  effect  is  gained  by  increi 
ing  the  length  of  the  lever;  for  although  steam  of  ^giv 
pressure  acta  on  a  lever  of  two  feet  from  the  fulcrum  wj 
twice  the  effect  it  does  on  a  lever  of  one  foot,  yet  it  ta  I 
parent  that  the  consumption  of  Hteam  is  nUo  double,  ai 
therefore,  that  the  power  is  as  the  steam  consume 
Though  it  is  pre-^uined  that  this  fact  is  too  well  known 
need  minute  explanation,  yet  it  isnece^ary  now  to  luentii 
it,  since  there  can  be  little  doubt  but  that  if  Mr.  C]e| 
had  been  aware  of  it,  he  never  would  have  made  use 
tboHe  segmentH  which  alone  constitute  his  patent  ;  the  pu 
pose  of  such  seginentK  l>eing  (as  has  been  explained)  tool 
tain  the  elfect  of  the  >«teain  in  a  channel  at  some  dt^lani 
from  the  centre  of  motion,  without  making  use  of  the  ii 
terior  cylinder  or  plate,  used  in  mo«t  of  such  engine)*. 

No  advantage,  therefore,  arises  from  the  use  of  the 
aegments,  but,  on  the  contrary,  the  extreme  nicety  of  ibi 
fitting  is  a  considerable  drawback  ;  and  we  apprehend  ab 
that  thry  would  snon  become  deranged,  and  suffer  d 
stt'tim  to  escape.  But  the  most  objectionable  part  i:t  t| 
vulve^  which  has  to  be  struck  out  of  itsi  place,  whilst  tkrpi 
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Ion  is  Ira  veiling  at  iu  full  speed  ;  indeed,  there  can  be 
liltle  doubt  but  that  the  rapid  destruction  of  this  valve  was 
iW  cause  of  failure. 

Mr.  William   Chapman's   Rotary   Ens^ine,  patented   in 
1810,  is  represented  by  the  accompanying  drawing. 


'/. 


X 


c  \ 


N^ 


(Chapman's  Rotary  Ettgtne,     1810.) 

A  represents  a  drum,  packed  on  its  two  cnns,  and  re- 
volving within  an  exterior  cylinder  C  C,  so  that  a  channel 
wformed  between  ihc  two  cylinder*',  itj  which  the  steam 
*cts  upon  the  flaps  F  G.  I  is  a  cavity  filled  with  hemp, 
**hicb  effectually  stops  up  the  pasjtnge  or  channel;  an  ad- 
justing screw  K  tightens  up  the  packing  as  it  wears;  D  is 
the  Btcam  pipe,  and  E  the  escape  pipe.  The  steam  being 
introduced  at  D  presses  upon  the  valve  or  flap  F,  which 
'eccdes  from  the  pressure,  until  the  valve  G  having 
i^pQched  the  roller  H,  is  shut  into  the  cavity  L,  and  |)asses 
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under  the  stop  I.  Ah  soon  as  it  bas  cleared  I  he 
pin  on  the  outside  strikes  a  lever  attached  to  tb« 
on  which  the  flap  is  huni^,  openinc^  it  out  af^ain  M 
so  that  it  BIh  up  the  passage  and  receives  the  actio 
steam,  allowing  F  to  be  shut  ut  the  proper  place, 
interrupting  the  revolution  of  the  axle.  More  expl 
is  unnecessary,  as  the  drawing  fully  shows  the  plai 

An  engine  on  this  principle  was  trii*cl  nt  the  ird 
of  Messrs.  Hawks  &  Co.  Gateshead,  in  the  CQ 
Durham;  but  so  great  was  the  noise  made  by  f 
striking  tlie  roller,  that  many  of  the  workmen  w| 
it  imagined  the  sound.s  to  proceed  from  a  tilt  hami 
was  also  found  impussible  to  keep  it  steam-tight 
greatest  attention  to  the  packing.  Another  e$ 
larger  dimensions  was  also  tried  on  the  Tyne,  bd 
abandoned  for  the  same  reasons.  I 

Mr.  Ricliurd  Witty,  of  Hull,  procured  a  patetltJ 
for  an  engine,  the  revolution  of  which  was  em 
weights  being  alternately  drawn  to  and  driveil 
centre,  round  which  a  working  cylinder  or  cvlin 
volved,  there  being  attached  to  the  piston  rod  < 
number  of  weights.  These  weights  were  drawn 
as  possible  to  the  centre  on  the  ascending  side, 
projected  outwards  on  the  descending  side,  as  (kt 
blc  from  the  axis. 

In   the   following  year,  Mr.  Witty  took   out  I 
patent  for  improvements  on   (he  former  plan,  W 
provements  consisted  in  making  the  piston  draw 
round  the  machinery,  whilst  itself  moved   both 
tilinear  and  rotary  motion  in  a  cylinder;  which 
upon  an  axis.     The  mechanical  contrivances  by  w 
was  effected  were  of  various  kindH.  which  caused 
of  the  piston   to  draw  or  force  the  c\lindcr  rou 
here  give  those  which  we  conceive  to  be  most 
of  notice. 

A,  fig.  1,  is  the  cylinder,  shorter  and  wider  l| 
cylinders,  with  its  piston  B,  the  rod  of  which  «r4 
tight,  through  ihe  stuffing  boxes  a  <?,  at  each  en 
cylinder,  with  u  provision  at  w  to  blow  the  air  ■] 
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U  »tarUDg,  woea  required.     The  axis  or  shaft,  C  C,  is 
(itftenerl  at  right  anfi^les  to  the  cylinder,  with  screw  boUg 
through  flanch  1 1.     Iifthe  axis  are  cast  or  bored  two  ducts 
or  channels,  e /,  of  sufficient  capacity  to  admit  steam  to 
lupgly  the  cylinder.     The  ends  of  these  ducts  are  securely 
plug^d  up.     The  side  pipes,  h  and  g,  are  joined  to  the 
tides  of  Ibe  axis,  and  communicate  separately  with  the 
ducts,  ef^  in  such  a  manner  that  the  pipe  A  shall  commu- 
nicate  with   the  duct  e^  and  the  pipe  g  with  the  duct/. 
The  other  ends  of  these  pipes  are  joined  to  the  ends  of  the 
cylinder.     D  D  is  the  concentric  collar,  through  which 
ihe  taper  part  of  the  axis  works  air-tight;  to  this  collar 
ire  screwed  the  steam  pipe  E,  and  eduction  pipe  F;  Ihe 
former  leading  from  the  boiler,  and  the  latter  to  the  con- 
denser and  the  exhausting  pump.     The  two  holes  in  the 
collar,  where  the  two  pipes  arc  joined,  are  made  in  the 
fonu  of  a  parallelogram,  so  that  when  the  cylinder,  side 
pipes,  and  shaft,  turn  round  through  the  collar  D  D,  the 
communications  betwixt  the  boiler  and  cylinder,  and  the 
cylinder  and  condenser,  will  be  open  alternately  during 
btif  the  revolution,  and  each  side  of  the  piston  will  be 
open^  or  exposed  alternately  to  the  steam  and  the  con- 
dewer. 

Fig.  2.  represents  what  is  called  the  cardioid  motion, 
ilUched  to  the  engine.  It  consists  of  a  parallelogram, 
frame,  or  trammel  groove,  joined  to  the  piston  rod  by  the 
two  triangles  M  M,  M  M.  The  two  tYiction  wheels,  N  N, 
ire  hung  betwixt  the  ends  of  these  triangles,  and  the 
piiton-rod  and  rim  betwixt  the  side  joints  o  o  o  o,  cast  or 
screwed  upon  the  covers  of  the  cylinder.  At  the  distance 
of  half  the  stroke  of  the  piston  from  the  centre  of  the 
cylinder  shaft  is  fixed  a  strong  stud  or  pin,  having  a  strong 
kriw  crank,  at  right  angles  from  it,  to  support  the  gudgeon 
h  «d  of  the  cylinder  shaft  at  S.  On  the  round  part  of  this 
I  "tnd  runs  a  wheel  P,  filling  the  trammel  groove,  and  the 
H  M^utre  ie  driven  tight  into  another  piece  of  cast*iron,  and 
I  kejed  fast,  and  this  is  bolted  down  to  a  beam  of  wood,  as 
V  At  K,  fig.  3.  When  the  steam  is  admitted  under  the  piston, 
1  1^  tnmmel  groove  moves  with  the  piston  rod,  and  is 
^10,  He 
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turtied  from  a  rectilinear  to  a  rotary  direction  by  the  stud 
P,  resisting  on  one  side  of  the  trammel,  and  causes  the 
cvlinder  to  rerolvc  towards  the  stud,  and  as  it  revolves 
the  groove  comes  perpendicular,  or  at  right  angles,  to  the 
situation  in  which  it  is  seen  in  the  iigure,  the  cylinder  lies 
horizontally,  the  piston  is  at  the  extremity  of  its  stroke,  and 
the  alternations  of  the  steam  take  place  at  that  instant  in 
the  axis.  In  this  position,  the  engine  may  be  said  to  be 
passing;  centres,  similar  to  that  of  a  beam  engine,  when 
passing  the  vertical  position  of  the  crank ;  and  thus  a  con- 
tinued revolving  of  the  cylinder  is  effected,  while  its  piston 
<lcscribes  a  circle,  the  diameter  of  which  is  half  the  length 
of  (he  stroke. 

Fig.  S.  is  a  contrivance  for  applying  the  force  of  the 
piston  upon  a  wheel  R,  or  crank,  which  revolves  upon  a 
^parate  axis  at  W,  placed  half  the  length  of  the  stroke  of 
tlie  piston  from  the  centre  of  the  cylinder  shaft  X,  which 
>Mupported  by  a  knee  from  or  through  the  centre  of  the 
Hheel,  similar  to  the  contrivance  for  supporting  the  gud* 
geon  of  the  cylinder,  &g.  2.  The  diameter  of  the  wheel  Is 
niade  equal  to  the  length  of  the  piston  rod;  and  has  its 
nm  made  to  incline  or  project,  in  order  that  the  piston 
rod  may  lay  hold  of  it  alternately  at  the  stops  y  y. 
On  inspecting  the  first  invention,  namely,  the  method  of 
htaining  a  revolving  motion  by  the  shifting  of  weights,  it 
sippears  to  us  that  Mr.  Witty  ban  quite  mistaken  the 
object  which  engineers  have  had  in  view,  in  their  attempts 
to  obtain  a  rotative  engine.  It  will  by  this  time  be  seen 
that  the  object  was  principally  to  avoid  the  waste  of  effect 
by  giving  motion   to  a  mass  of  mutter,  and  bringing  it  to 

Crest  at  each  movement  of  the  piston  of  a  steam  engine.    It 
■*ill  also  be  seen   that  these  weights  (the  particular  posi- 
tion of  which  constitutes  the  power  of  Mr.  Witty^s  engine) 
tlttveto  be  moved  and  brought  into  rest,  exactly  in  the 
stme  manner  as  those  parts  of  a  steam  engine  whose  mO" 
I         ^lon  causes  the  inconvenience  complained  of.     The  same 
objection,  therefore,  applies  to  his  in  a  tenfold  degree,  for 
the  common  engine  has  only  to  overcome  the  inertia  of 
isnch  a  quantity  of  material  as  may  be  necessary  for  suffi- 
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cient  0  length  ;  but  here,  the  whole  power  being  obtained 
by  tho  weights  which  are  moved,  the  inconvenience  sus- 
tained by  reciprocation  in  engines  of  large  powers  will  be 
readily  conceived. 

Mr.  Witty's  improved  method,  in  which  he  dispen^s 
with  these  weights,  displays  considerable  ingenuity.  It 
cannot,  however,  be  properly  called  a  rotative  engine, 
because  the  steam  does  not  act  upon  piston,  vane,  or  any 
thing  whose  motion  is  rotative  :  his  invention  is  merely  a 
new  way  of  applying  the  action  of  a  common  piston.  The 
best  mode,  therefore,  of  appreciating  its  merit  is  by  com- 
poritig  it  to  a  cranked  engine,  and  in  doing  thi^  we  shall 
endeavour  to  show  its  inferiority. 

The  patentee  states  its  advantages  to  consist  in  saving 
the  power  which  is  lost  by  reciprocation,  and  in  dispensing 
with  a  fly  wheel.  To  the  first  it  may  be  said,  that  although 
the  beam  uiid  some  of  its  appendages  are  not  necessary,  >ct 
the  increase  of  the  friction  by  the  use  of  a  grooved  frame, 
and  the  danger  of  bending  (he  piston  rod  by  lu  oblique 
application  in  forcing  round  the  enf^ine,  are  greater  incon- 
veniences than  those  attendant  on  a  beam ;  to  which  it  may 
be  added,  that,  when  a  crank  is  used,  there  are  two  points 
where  the  crank  receives  its  impulse  at  right  angles  to  the 
direction  of  the  force,  and  is  impelled  in  the  same  line 
with  the  piston,  which  is  of  courne  the  most  advantageous 
application  of  its  power  ;  but  in  no  part  of  the  revolution 
of  this  engine,  in  any  of  its  modifications,  does  the  impulse 
come  much  nearer  the  direction  of  the  produced  motion 
than  an  angle  of  45"". 

Nor  do  we  think  that  a  fly  wheel  can  be  dispensed  with  ; 
it  being  quite  evident  that  the  different  degrees  in  the- 
obliquity  of  its  direction  must  render  a  fly  wheel  absolutel)r 
necessary  to  produce  an  equable  motion. 

On  this  principle  is  the  Revolving  Engine  of  Mr, 
Samuel  Morey,  now  used  in  several  American  i^teant 
boats.  As  there  is  considerable  novelty  in  the  mode  of 
generating  the  steam,  we  apprehend  its  insertion  will  not 
be  considered  superfluous. 


oaO)  are  the  stcaiD  boilers;  6  6,  the  tar  vessels,  to  bo 
afterwards  described  ;  c,  (he  valve  box  ;  dd,  the  two  re- 
volving cylinders,  shown  in  different  positions;  e  e,  (be 
piston  rods;  y,  (he  *' pi(man  ;"  A,  the  centre  piece;  i,  t, 
fixed  supports  for  (he  frame;  k  k,  the  valves;  / /,  (he 
steam  pipes;  m  ffi,  the  escape  pipes;  niij  the  condensers; 
t*v,  the  face  of  the  valves,  shown  in  separate  figures; 
^^  liie  tar  fire. 

The  frame,  which  holds  the  cylinders  d  d,  is  suspended 
by  its  opposite  sides  so  as  to  revolve.  The  centre  piece  h^ 
acting  u  a  crank,  is  fixed  (o  the  end  of  i,  proJec(ing  over 
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the  cylinder,  and  from  (his  centre  piece  the  bar  or  pilroaJ 
/communicateii  with  the  cross  head  of  the  piston  rod 
Two  circular  pieces  or  valves  k^  one  of  brasn  and  the  otbei 
of  iron,  are  placed  on  the  bearance  t,  but  on  the  outsidi 
of  the  frame;  one  of  them  being  fixed  to  the  axis,  and  lli4 
other  accompanying  the  frame  and  cylinder  in  their  rero 
lution.  From  this  ladt  valve  proceed  the  pipes  /  /,  whicj 
conduct  the  steam  to  each  end  of  the  cylinder.  The  valv^ 
has  a  smooth  face,  which  is  kept  close  by  springs  lo  tki 
face  of  the  other  valve,  which  is  fixed  to  the  shaft.  TIU 
steam  is  conveyed  from  the  boilers  through  (he  ould 
valve  into  the  moving  valve,  and  from  (he  oppc^sile  sid«  4| 
the  outer  valve  proceed  the  eduction  pipes,  which  le«< 
to  (he  condensers. 

These  condensers  are  upright  vessels,  two  of  whid 
belong  to  each  cylinder;  Ihey  arc  connected  at  top  by  | 
sliding  valve  box,  by  which  (he  steam  is  made  to  enl«| 
them  alternately.  They  have  two  valves  at  (he  boCtooa 
which  are  kept  closed  by  weights.  A  stream  of  water  i 
injected  into  the  condensers,  which  escapes  by  the  botto^ 
valves />/>,  by  which,  also,  the  air  is  blown  out  at  ev«r] 
stroke  ;  in  this  manner  the  engine  is  at  first  cleared  ofmtt 

In  order  to  give  a   reversed   motion  to  the  engine,  (w^ 
cocks  and  cross   pipes  are  employed,  for  the  purpose  o 
changing  the  passage  of  the  steam  to  the  opposite  sii 
the  valves. 

When  (he  engine  is  thus  constructed,  the  steam  admit 
below  (he  pinton  by  the  lower  pipe  /,  forces  up  the  pistol 
rod  e,  and  the  cross  head  at  its  upper  extremity.  Thi 
cross  head,  carrying  along  with  it  (he  bar/,  acts  upon  thi 
crank  A,  which  thus  gives  a  rotatory  motion  to  the  sfaal 
1.  1.,  and  of  course  (o  (be  cylinders  and  frames  ;  (he  sba.1 
1.  1.  by  means  of  a  pinion  2.  2.  drives  (he  paddle  whi 

Wi(h  (ho  view  of  saving  fuel,  (his  engine  has  the 
Fire  applied  to  it  in  (he  following  manner: — The  boiler 
ore  cylindrical,  with  nn  inside  flue  for  fuel,  (wo  or  thr^w 
■re  placed  cloitely  together,  and  set  in  the  following  oiai> 
ner  ;  first,  cross  bars  of  iron  are  laid  on  the  tiroben 
platform  of  sheet  iron  is  laid  ou  these  bars,  coated 


ose  o 

'% 

nitM 
pistol 
Thi 
oQiy 
s  sfaal 
e  sha.^ 

'.'1 


HOftSY   B  ENGINE. 


s» 


with  clay,  mortar,  or  cement,  to  keep  out  the  air.  Upon 
the  sheet  iron,  and  over  the  bars  below,  are  placed  cast 
iron  blocks,  in  shape  to  fit  the  curve  of  the  boiler,  so  as  to 
raise  it  three  or  four  inches  above  the  platform.  The 
sheet  iron  is  continued  up  the  outsides  of  the  outer  boilers 
sou  to  enclose  them ;  and  at  one  end,  between  the  boilers, 
(here  are  small  grates  for  coal  or  other  fuel. 

The  tar  veasel  or  vessels  are  lodged  in  the  space  be- 
tween, and  upon  Ihe  boilers,  and  a  small  fire  may  be  made 
under  them,  if  necessary.  A  pipe  leads  steam  in  at  one 
end,  two  pipes  at  the  other;  one  near  the  bottom,  one  near 
the  top«  lead  out  the  (ar  and  steam.  These  pipes  unite 
below;  the  steam  and  tar  thus  mingled,  in  suitable  pro- 
portions, flow  to  the  plain  fire,  or  the  fines  of  the  boilers, 
afl  well  as  to  the  coal  fire  below,  where  the  gas  and  tar  are 
ignited.  The  fireman  judges  of  the  proportions  of  each 
by  the  eflfect ;  Ihe  object  being  to  produce  a  nearly  white 
fltme,  without  appearance  of  tar.  Thus  fiame  is  applied 
to  the  greatest  possible  surface,  and  the  apparatus  ad'Js 
ytry  little  cost  to  the  engine. 

Mr.  Morey  has  also  made  two  other  improvements  in 
ibe  boiler.  The  first  of  these  consists  in  lining  or  covering 
the  flue  within  with  sheet  iron  or  copper,  perforated  with 
will  holes,  reaching  down  its  sides  nearly  to  the  bottom. 
By  this  contrivance  the  water  is  made  to  circulate  rapidly 
between  the  flue  and  the  lining,  up  to  the  top  of  the  flue, 
tnd  thus  protects  it  from  being  run  dry,  or  heated  red  hot, 
wlien  the  water  gets  by  accident  too  low.  In  consequence 
<*(  this  circulation,  the  lining  causes  the  steam  to  form 
niuch  faster. 

The  other  improvement  consists  in  an  interior  boiler  or 
Vessel,  occupying  the  back  part  of  the  flue,  and  communi- 
cating downwards  with  the  water,  and  upwards. 

Several  engines  of  Mr.  Moroy*s  construction  have  been 
erected.  The  Hartford  steam  boat,  T7  feet  long,  21  feet 
Wide,  and  136  ton«;,  is  propelled  by  one  of  them.  In  this 
Vessel,  the  engine  with  its  boiler  occupies  a  space  of  16 
'^etby  12,  or  one  eighth  part  only  of  the  boat;  the  cylin* 
^^ra  being  hung  in   the  timbers  of  the  deck^  over  the 
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boilers.     The  two  cylinderfl  are  17  inches  each  in  diamefrri 
and  have  a  stroke  of  18  inches,  and  revolve  60  ttmea  in  a 
minute.     The  area  of  the  piston  bein^  about  2*27  i 
it  will,  when  worked  with  steam  of501b$.  have  the 
of  100  horses. 

The  Rotative  Engine  ofMr.  Onions,  of  Bristol,  paCenled 
1812,  differs  essentially  from  all  we  have  described.     TIm  I 
invention  consists  of  an  annulus  or  hollow  rini^  connected  | 
by  hollow  arms,  with  a  revolving  shaf)  also  hollow,     Tli# 
steam  is  admitted  at  one  end  of  this8haft,  passes  throuf 
one  of  the  arms,  and  thereby  gets   into  the  rim,  in  whic 
are  valves  so  placed  as  to  prevent  the  steam  from  act 
in  more  than  one  direction.     The  annulus  it  nearly  hal: 
filled  with   a  metallic  alloy,  composed  of  eight   parts 
bismuth,  tive  of  lead,  and  one  of  quicksilver.     The 
perty  of  this  alloy  is,  that,  although  solid  at  the  conin 
temperature  of  the  atmosphere,  it  becomes  fluid  in  boili 
water  or  steam.     The  steam,  therefore,  when  introd 
into  the  wheel,  after  first  fusing  the  alloy,  forces  it  up 
one  side  of  Ihe  wheel,  thereby  making  it  heavier  than 
other:  the  metal,  iu  attempting  to  regain  its  equilibrt 
causes  the  wheel  to  revolve ;  and  the  supply  of  steam  bei 
continued,  the  revolution  is  kept  up.     For  a  more  per 
comprehension  of  this  machine,  our  readers  may  i 
the  drawing  we  have  given  of  Watt's  Rotative  Engine, 
page  74,  where   the  operation  of  the  valves,  and  entranc^ 
and  escape  of  the  steam,  arc  effected  in  a  somewhat  ^iimilAf 
manner.     The  machines  in  fact  will  be  nearly  the  same,  if 
we  suppose  Mr.  Watt*s  weight  to  be  a  fluid  instead  of  a 
solid  one. 

A  singular  mishap  befel  this  machine  on  its  first  trisl. 
It  is  a  property  of  bismuth  that,  like  water,  it  expands  m 
it  crystallizes  or  becomes  solid,  so  that,  on  the  momilf 
succeeding  its  trial,  the  engine  was  found  broken  or  raider 
burst  into  small  fragments,  owing  to  the  expansion  of  tlie 
alloy.  This  result,  therefore,  proved  that,  in  order  to 
preserve  the  engine,  it  was  necessary  either  to  keep  itcoe« 
stantly  hot,  or  to  remove  the  metal  before  it  became  solid; 
either  of  which   would    be   a  sufficient   objection   to  tls 
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adoption.  But  there  are  besides,  other  (lifljcuUies  to  con- 
leitJ  with  in  this  kind  of  enc^ine,  which  we  shall  notice  in 
iiur  remarks  on  IVlasternian*s  steam  uhoel. 

InMr.Trevithirk*!)  patent  of  IS]5is  introduced  a  column 
orrinv  of  water,  which  running  round  the  piston  renders 
the  whole  air-ti^ht.  By  this  means  he  avoids  a  great  pro- 
portion of  the  usual  friction,  a  very  moderate  decree  of 
(i^htness  in  the  packing  heing  in  practice  found  sufficient 
lo  prevent  the  passage  of  so  dense  a  fluid  as  water.  The 
wcond  part  of  this  invention  consists  in  causing  steam  of  a 
high  temperature  lo  spout  out  against  the  atmosphere, 
und  by  its  recoiling  force  to  produce  a  motion  in  a  direc- 
tion contrary  to  the  issuing  stream,  similar  to  the  motion 
produced  in  a  rocket  wheel,  or  to  the  recoil  of  a  gun,  by 
nkich  means  a  rotative  action  is  produced.  IVIr.  Trevithick 
abo  describes  three  other,  improvements  on  the  high-pres- 
sure engine,  the  latter  of  which,  though  only  applied  to 
uutical  purposes,  is  by  far  the  most  important.  It  con- 
silts  in  employing  a  spiral  worm  or  screw,  similar  lo  tho 
Vines  of  a  smoke-jack,  which  being  made  lo  revolve  at  the 
head  or  stern  of  the  vessel,  produces  the  required  motion. 

Mr.  Turner's  Rotary  Engine,  patented  in  181G,  dis- 
plays extraordinary  ingenuity  and  excellence  ;  we  there- 
fore give  from  the  ppeciticarion  a  more  enlarged  account 
of  it  than  of  most  other  si'^-'h  inventions. 

*^  Fig.  I .  is  a  plan  oF^^^  engine,  represented  as  if  opened 
tos^howthe  interr'  structure.      Fig.  2.  is  another  plan. 
fip^.  3.  and  4.  -''^  sf'ctions,  taken  through  the  axis  of  the 
engine  in  d''^*'"^"^  directions,  to  show  the  internal  parts. 
AA    B''  CC,  is  the  cylinder,  or   external   case   of  the 
«,«.-!  '"ade  in  two  or  more  parts,  which  are  fastened  tti- 
,  Aer  with  screws,  so  as  to  form  a  circular  or  annular 
pa«n2;o,  the  transverse  section  of  which  is  likewise  circu- 
lar, as  shown  at  EE,  figs.3.  and  4. ;  the  piston  F,  fig.  1,,  is 
Mcuralely  fitted  into  this  circular  passage,  and   is  caused 
to  revolve  therein   by  the  pressure  of  the  steam,  which  is 
•pplied  behind  it  or  on  the  side  F,  whilst  a  \acuum  is  made 
before  it,  or  on  the  side  G.     The  piston  being  connected 
titha  central  plate  G,  which  is  fixed  fast  upon   the   axis 
10,  .       2  F 


(7>ini«r'ff  Pofanj  Engine,     1816.) 

^^''vhaft  H  ,  the  said  shaft  is  put  in  motion,  and  by  wheel 

*orkl,  or  other  machinery  which  is  best  adapted,  the  power 

^  the  engine  is  coninuinioAted  to  any  useful   purposes  to 

**'bich  i(  is  intended  to   be  applied.     The  means  by  which 

*ne  force  of  steam  is  made  to  produce  (he  rotatory  motion 

**9t  follows  :   two  valves  or  nliders,  K  and  L«,  are  applied 

1' Ihe  opposite  sides  of  the  annular  passage  or  cylinder, 

^  E,  in  the  manner  represented  in  fi^s.  1 ,  and  3.    The  edge 

^f  the  ce.itral  plate  G,  which  has  the  projecting  arm   to 

communicate  with  the  piston,  must  be  made  so  that  they 

^Hn  he  madr  to  shut  up  the  passage  of  the  cylinder,  K  E, 

•1^  ri  |>rrH'nled  at  L,  and  prevent   (he  paesago  of  the  stram 
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through  the  ^ume,  or  the  slider  may  be  opened,  as  shown 
by  the  doUed  lines,  to  allow  the  pLston  F  to  pass  freely 
through  the  cylinder;   this  is  done  by  moving:  it  sidewan 
on  its  centred,  out  of  the  cylinder  into  the  box  or  case  M, 
which  is  provided  for  its  reception.     The  sliders  are  put 
in    motion    by  a   communication   from  the  outside  of  tbe 
riiginc,  so  that  each  one  shall  begin  to  open  as  soon  as  the 
piston  F  approaches  it,  and  shall   be  completely  opewi 
whilst  the  piston  passes  by,  and  that  it  shall   then  descpnd 
attain  upon  its^eat.  NO,  figs.  1.  and  4.,  are  two  passages, 
through  rach  of  which  the  steuni  \s  alternately  introduced 
and  wilhJrawii   from   the   cylinder;  the  two  passagesare 
placed  on  opposite  sides  of  the  centre   of  the  engine,  and 
are  provided   with  valves   or  cocks,  which  are  adapted  to 
be  opened  and  ^hut  by  tlie  action  of  the  machinery  in  siifh 
Huccesi-ioii,   that  when  steam  is   entered   from   the  boiler, 
into  the  cylinder  at  one  passage,  it  shall  be  going  out  into 
the  open  air,  or  to  the  condenser  at  the  oppo-^ile  pa'SaapP- 
The  machinery   which   actuates  the   slide**   k  L,  and  the 
machinery  which  opens  the  valves  for  the  admission  and 
cxliaustioii  of  the  steam  through   the  passages  N  and  0, 
act  in  concert  with  each  other,  and  also  with  the  motion 
of  the  piston  F;  so  that,  as  soon  as  possible  after  thepi^stoB 
huspansed  by  the  seat  ofa  slider,  the  same  shall  belowered 
down  into  its  place,  ready  to  close  the  passage  of  the  cylin- 
der beliiiKJ  the  piston,  and  the  instant  the  piston  has  paaed 
liy  the  next  opening,  the  steam  is  admitted  to  flow  thereiii, 
nnd   act  between   the  slider   and   the  piston,  to   force  the 
same  forwards  in  the  cylinder  by  its  expansive  force. 

**  To  explain  llio  action  of  the  engine  more  clearly,  sup- 
pose the  parts  in  the  ponition  of  fig.  1. ;  the  slider  Li  is  shut, 
and  the  steam  is  flowing  through  the  passage  O  into  the  space 
between  the  slider  L  and  the  piston  F,  at  the  same  time  tbe 
passage  N  is  open  to  the  condenser,  to  exhaust  the  steam 
from  the  remaining  part  of  the  cylinder,  and  remove  the 
pressure  from  the  front  side  G  of  the  piston.  In  conse* 
quence,  the  pressure  of  the  steam  acting  behind  the  pis- 
ton of  the  t^idc  F,  pulij  the  same  in  motion  in  the  direction 
of  the  arrow,  and  drives  the  arm   of  the  central  plate  be- 
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forf  it.     The  slider  K,  now  in  the  act  of  opcnini^,  niid  by 
tkliine  the  projecting  part  of  the  plate  G  arrives  at  its 
se^if  it  will  be  quite  open   into  the  box  M,  where  it  will 
remain  until   the  piston  F  has  passed  by  its  seat  ;  it  then 
bei^ina  to  descend,  and   b^  the  time   the  piston  arrives  at 
tJie  opening  of  the  passage  N,  the  slider  K  will  be  com- 
pletely shut,  and  stop  the  cylinder.     The  instant  the  pis- 
ton has  passed  over  the  opening  of  the   passage   N,  the 
Meam  valves  are  changed  by  the  machinery,  so  as  to  admit 
t^  steam  into  the  passage  N,  and  also  to  allow  the  steam 
to  pass  away  through  the  other  passage  O   to  the  conden- 
wr;  in  consequence,  the  steam  enters  the  space  between  N 
and  K,  and  thus,  being  behind   the   piston,  drives  it  still 
forwards    towards    the   slider    L,  which    immediately  be- 
{IDS  to  rise  by  the  action   of  the  machinery,  and  us  soon 
is  Ihe.projecting  part  G  of  the  central  plate  approaches  it, 
iti^ill  have  retreated  into  the  box  M,  leaving  the  cylinder 
Irpe  for  the  passage  of  the  piston.     Immediately  after  the 
piston  has  passed   the  slider,  L   descends   again,  and  gets 
Battled  to  its  place   by  the  time   the   piston  arrives  at  the 
opening  O;  and  the  instant  the  piston  has  passed  over  this 
opening,  the  steam  valves  are  changed  again,  so   that  the 
Bteam  will  be  admitted  at  O  behind  the  piston,  and  act  be- 
tueen  the  slider  L  and  the  back  of  the  piston  to  force  it 
furHardH,  which   is  the  same  position   represented   in   the 
fi|(ure.      By  this  means  the  pressure  of  the  steam  is  always 
made  to  act  behind  the   piston,  and   the  vacuum  is   made 
before  the  same.     The  sliders  K  and  L  are  put  in  motion 
bv  levers  9  and  10,  which  are  6tted  on  the  outsides  of  tho 
boxes  M,  but  move   upon  the  same   centre  pins  3,  as  the 
sliders  move  upon  withinside  the  boxes,  the  levers  being 
forked,  as  shown  at  fig.  5,  to   reach   on  each  aide  of  the 
boxes,  and  the  centre  pins  3,  pass  through  the  sides  of  the 
boxes,  and  also  through  both  forks  of  the  levers  9,  10,  but 
do  not  turn  round  in  the  holc^.     To  communicate  motion 
from  the  levers  at  the  outsides  of  the  boxes  to  the  valves 
ivi(hii»^ide,  curved  rods,  11,11,  are  carried  frt>ui  the  levers 
through  the  sides  of  the  boxes  M,  and  juiiiled  to  the  arm 
of  the  sliders;  stuffing  boxes  ai'e  formed  .ouiid  the  rods  to 


make  tight  ni(ing;s  \^hei'e  they  pasH  through  tha 
the  boxes  M  ;  the  ends  of  the  levers,  J),  10,  are 
included  in  an  eccentric  groove  or  rein  Z  Y,  Qx 
central  axis  II ;  (hr*  form  of  this  is  f^hown  in  fig. 
such  as  to  hold  the  sliders  shut,  except  during  thelu 
it  is  necessary  to  lift  up  the  same  to  allow  the 
pasH  by.  To  make  the  slidprs  fit  stcnm-tight  wk 
are  shut,  they  are  made  rather  larger  than  the  diai 
the  cylinder,  and  are  received  iu  grooves  mado  i 
the  iniiivle  thereof,  and  the  valves  are  »round  agfl 
of  these  faces  of  each  of  these  grooves,  ko  til 
will  fit  tight  without  any  packing.  The  piston  is- 
several  segments  put  to&;ether,  with  spring;!  behtl 
to  throw  them  out  against  the  inside  surface  of  t| 
der,  and  it  is  thus  made  tight  without  any  packing 

^' The  edge  of  the  central  plate  U,  which  iius  i 
Jecting  arm  to  communicate  with  the  piston,  mu4t  I 
to  fit  tii^hl  between  the  upper  and  lower  halv 
compose  the  cylinder,  so  as  to  prevent  the  esc«|)e 
between  them,  and  at  the  same  time  leaving  the 
freely  at  liberty  to  revolve  iu  the  space ;  for  this 
the  edge  of  the  plate  is  surrounded  by  two  rings  i 
5  and  (j,  which  are  laid  one  upon  (he  other  with 
between  them,  so  a«  to  throw  them  against  the  up 
lower  surfaces  of  (he  central  space,  to  which  they 
cnrately  fitted  by  grinding:  these  rings  extend 
rather  more  than  half  the  circumference  of  the  p 
and  are  attached  thereto  l)y  a  joint-pin  7,  fig.  i 
causes  them  to  revolve  with  it  ;  but  they  recjuire 
fastening,  as  the  pressure  of  the  Ateam  will  keep 
their  places. 

**  To  prevent  the  escape  of  the  steam  through  ll 
ing  or  division  between  the  two  rings  5  and  <>,  a  thii 
7,  H,  filled  to  them,  covers  the  joints,  and  the 
edge  of  this,  which  is  made  round  or  semi-circuU 
bead,  is  received  into  corresponding  notches  made 
edges  of  the  sliders,  and  thus  to  make  a  fitting  t 
the  edges  of  the  sliders,  when  the  same  are  closed,  i 
«Hge  of  the  moveable  central  plute.  The  valves  wl 
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to  idmic  alternately  the  sleam  iiilo  the  passage  X  O, 
fniy  he  constructed  in  the  same  manner  as  the  valves  for 
the  ultimate  supply  of  (he  upper  and  lower  part  of  the 
cylinder  of  any  common  steam  engine  ;  but  the  roost  con- 
venient manner  of  doin^  this  in  shown  in  ti*;.  4.  Q  Q,  is  an 
iron  hox,  into  wbich  the  steam  from  the  boiler  is  admitted  ; 
this  box  IS  fixed  beneatli  the  cylinder  of  the  engine  ;  IV. 
|fi,are  two  openings  from  which  curved  tubes  proceed  up- 
Mruds  to  the  openin^^,  N  O,  of  the  cylinder;  there  are 
abo  two  other  openings,  19  and  2t),  which  turn  downwards 
with  crooked  tubes  to  the  condenser  S.  TV  are  boxes  or 
c«|rt  fixed  at  the  opposite  ends  of  a  lever  T  W  V,  of  which 
W  is  the  centre  of  motion  ;  the  boxes  or  cups  are  intended 
(o cover  the  openings,  in  the  manner  represented  by  the 
figure,  and  iho  faces  or  edges  of  the  boxes  are  ground  to 
fit  close  upon  (he  flate  plate  or  surface,  in  which  the  open- 
ing 17  and  IS  are  made.  When  the  box  T  is  up,  as  in  the 
l|ijre,  it  covers  the  two  openings,  17  and  19,  so  as  to  con- 
uect  them  tosi^ether,  and  therefore  the  steam  in  the  cylin- 
der will  he  drawn  off*  thro'ugh  17  and  l9to  the  condenser; 
Mthe  same  time  the  box  V  at  the  opposite  end  of  the 
IcTer  is  drawn,  and  in  this  position  the  box  leaves  the 
upening  IN  uncovered,  so  that  the  steam  with  which  the 
1)01  in  filled  will  have  free  passage  into  the  cylinder  ;  by 
BOtring  the  lever  T  V  on  its  centre  W,  sufficiently  to  raise 
up  the  box  V,  and  depress  the  other  T,  the  action  will  be 
fuctly  reversed,  viz.  the  box  V  will  connect  the  openings 
Iti,  leading  from  the  cylinder,  at  the  opening  20,  which 
leads  to  the  condenser ;  and  the  opening  17,  will  be  un- 
(overed,  so  as  to  admit  the  steam  from  the  box  through  it 
into  the  cylinder  at  the  opening  N." 

There  is  great  ingenuity  displayed  in  the  formation  of 
Ibis  machine,  and  the  whole  shows  much  mechunical  abi- 
lity ;  nevertheless  there  are  defects  of  a  sufficiently  promi- 
nent nature  to  account  for  its  failure.  The  very  coujuion 
f«ttU  of  great  friction,  arising  from  the  use  of  the  revolv- 

Iwg pities,  is  here  a  difficulty  which  we  conceive  could  not 
^^.^readily  overcome  ;  but  the  principal  cause  would  be 
arising  from  the  impossibility  of  keeping  the  rub- 
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bin^  fturfaceis  ftteam-tigh(.  ThU  leakage  wauld  lake 
principally  in  the  part  where*  the  sliders  should  be  in 
tact  with  the  central  plate;  it  appear^i  to  \\h  that  the  rap 
motion  of  the  slider  must  necessarily  cause  it  to  rrtH>uni|^ 
from  the  plnte,  nnd  leave  an  open  space  for  the  evcapc  ofl 
the  steam  ;  we  also  apprehend  that  the  surfacea  of  eAcm 
slider  would  io  a  short  time  become  so  irregularly  wcira^ 
that  it  would  not  £t  its  seat  on  the  surface  of  the  groovej 
for  the  top  and  bottom  of  the  slider  are  constantly  in  con-^ 
tact  with  the  surface  of  the  groove,  during  the  whole  o^ 
its  motion,  whilst  the  sidetf  (speaking  relatively,  for  ibeM 
can  be  neither  tops  nor  sides  of  a  circle)  are  merely  iiq 
contact  at  the  time  the  slider  is  moviug  through  a  Kpac^ 
f-qual  to  the  depth  of  the  groove.  This  n  ill  produee^ 
greater  wear  on  one  part  of  the  slider  than  anothxT,  and  v4 
course,  in  time,  cause  the  joint  to  allow  an  escape  of  steainl 

Another  fault  in  this  machine  is,  that  (he  mode  of  worlsij 
tng  the  sliders  by  means  of  the  semi-circular  rods  is  a  verj 
insecure  method  ;  and  from  the  indirect  application  of  thd 
power  necessary  to  work  them^  there  is  a  constant  danr«*ri 
nf  bending  the  rods,  and,  consecjuently,  leaving  the  slider 
in  the  groove,     if  this  were  to  happen,  the  piston  in  $H 
revolution  would  come  violently  in  contact  with  thesltdrr, 
rnd  most  likely  cut   it  in  two,  or  otherwise  injure  it  aoJ 
the  rest  of  the  engine  beyond  repair.^ 

A  patent  was  obtained  by  Mr.  Joshua  Routledgc,  of 
Bolton-Ie*Moor,  in  the  year  181H,  for  a  Rotary  Engiw, 
of  which  the  acconipan\ing  drawiag  is  a  section,  and  nitjr 
be  thu;^  explained. 

Suppose  the  steam-stop  C,  and  the  lever  H  6,  Io  be 
properly  packed  in  the  situation  represented  by  tbedciitf" 
ing,  so  that  the  steam  cannot  escape  past  either  one  nrtW 
other,  it  will  be  <>vident  that  if  (he  ste.im  be  admitted 
through  the  pipe  G  into  the  space  M,  the  lever  H  b  willU 

*  Tb«  author  ofStaiin't  Htttorr  ortlic  Steam  Engiiie  Mstv*— **ti« 
the  griirral  arrangcineitl  of  llie  parU  and  manner  of  nctioii  of  thU  n- 
fine  reaciikblra  Mr.  5lca<r5,"  Tliii  o|>ol(>^y  fur  oinilling  the  mfca^^ 
k|i|>iiralu*  of  Mr.  Mesil  ift  itiiigular  ptiotiKh,  ii«  no  two  marliinn  nls^ 
we  hare  described  can  be  more  es»entiAlly  different. 
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propelled  forward  towards  C,  through  the  space  Q,  until 
li»r  sloping  part  H  comes  in  contact  with  the  lower  point 
ofthe  steam  stop  C,  which  will  then  turn  upon  a  steam- 
^ht  joint  or  centre  O,  and  rise  up  into  the  box  or  cham- 
ber D,  until  the  lever  H  b  has  passed  by.  The  pressure  of 
■h«  steam  then  compels  the  stop  C  to  follow  the  lever 
dourn  the  inclined  plane  6^  until  it  comes  into  its  former 
resting  place,  where  it  remains  stationary  upon  the  cvltn- 
drical  part  of  the  lever,  as  seen  in  the  drawing,  unlit  again 
nised  by  the  sloping  part  H  as  before.  During  the  time 
*lifll  the  point  H  b  la  pasKing  the  steam-top  C,  the  steam 
'^•l  had  last  carried  llie  lever  round  makes  its  escape 
through  the  pipe  B,  either  into  the  open  air  or  into  a  con- 
(l^ftser,  and  new  steam  is  again  instantly  admitted,  and  so 
on  continually.  When  the  engine  is  thus  constructed 
*<tb  only  one  arm  or  lever,  there  is  about  one-tenth  of 
'ke circle  or  revolution  where  the  steam  has  no  power; 
Ihe  motion  of  the  engine  is  then  kept  up  by  the  velocity 
JO.  2  u 
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already  given  to  the  flywheel;  but  when  two> 
levers  are  used,  as  in  large  en^ine*i,  then  Ihc  steam  is 
lo  act  with  equal  force  through  (he  whole  of  tha 
lution.  ^ 

A  patent  was  obtained,  in  the  year  ISIS,  for  a  R 
Engine,  by  Mr.  John  Malum,  of  Westminister,  wht 
itsgenernl  principle  resembles  those  ofMe^yrs.  Cartwi 
Chapman,  and  R4>utledge ;  the  detail*),  however 
aomcuhat  different.  The  main  point  of  diHcrcm 
that  Mr.  Malum  purposes  to  cause  his  external  cyl 
to  revolve,  and  leave  (he  interior  one  at  rest.  This  h< 
poses  to  eflfect  by  using  a  ''  leaden  piston,"  which  I 
weight  will  ulways  remain  at  or  neiir  the  low4*»t 
of  (he  circle,  whilst  the  steam  nets  upon  valves  or 
M'hich,  after  (hey  pans  the  piston,  open  out  and  re 
the  action  of  the  steam.  There  are  three  of  such  vj 
which  are  exactly  the  same  as  those  used  in  the  en^ir 
the  persons  just  mentioned,  and  operate  in  (he  f^ame 
Thf  piston  consiiils  of  a  heavy  block  of  lead,  fiitrd  ex 
by  packing-  or  otherwise  to  the  cylinder;  and  the  m 
apparatus  differs  so   little   in  other   respects  from  I 

It  it  is  apprehended  no  further  description  will  b( 
tesmry-.  The  motive  of  the  patenter,  in  cau^^ing  Ih4 
'•t*»rnal  cylinder  to  revolve,  wus  eviUei»lly  to  avoif 
Inequality  of  wear  which  may  arise  from  Hxing  (he  e 
tiul  cylinder,  and  making  the  internal  parts  to  rev< 
for,  in  the  latter  method,  the  axis  and  machinrry  sfti 
to  it  have  a  tendency  lo  wear  downwBrd!»  b>  g-raviti 
and  get  out  of  truth  ;  this  would  in  time  caase  the  i 
der  lo  assume  an  oval  form,  and  thereby  render  it  dif 
to  be  kept  (ight  by  packing,  and  this  (it  should  fai 
•crved  by  the  way)  has  been  considered  as  one  obje 
•nuing  the  many  urged  against  rotary  engines,  th 
perhap**,  if  every  other  could  be  overcome,  this,  onac< 
of  the  length  of  time  which  must  elapse  before  it  ( 
occnsion  a  serious  inconvenience,  would  not  opera) 
pn  vent  the  successful  application  of  such  an  engine. 

Dut  it  must  appear  to  all,  Ihat  the  pntenlee*8  {it 
tl  dialing  this  evil  is  hut  a  ctunwy  and  ill-contri< 
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Th«  vaJves  out  of  the  question  (the  faults  of  which  have 
iHfen  alreatiy  explained),  we  cannot  for  a  moment  think 
tful  (be  weight  oi 


•ton 


lid  aflford 


of  suf- 


ibutment 
iictent  nraine»9  ana  sieadiness  to  produce  any  regular  and 
fijuttblc  motion;  indeed,  we  doubt  whether  any  weight, 
placed  as  this  was,  could  remain  stationary  whilst  passing 
uver  the  inequalities  of  such  a  cylinder,  and  enduring  the 
varied  force  of  the  steam  upon  the  changing  of  the  valves. 
There  can  be  little  doubt  but  that  it  would  vibrate  to  and 
fro,  as  each  valve  opened  and  shut,  and  thereby  destroy  as 
much  power  by  reciprocation  as  any  steam  engine  ever 
known. 

The  same  specification  likewise  contains  a  description 
of  another  rotary  enij^itie,  in  which  the  abutment  consists 
of  mercury,  water,  or  fusible  metal,  such  as  lead  and  bis-^ 
nath.  in  this  engine  there  are  three  drums,  the  exterior 
one  forms  a  casing  or  jacket  to  the  second,  and  is  kept 
belled  by  steam  or  hot  air.  These  two  outer  drums  are 
»Ulionary,  whilst  the  inner  one  revolves  upon  its  axis,  one 
eod  of  which  is  tubular,  for  the  admission  of  the  steam. 
There  are  attached  to  the  moving  cylinder  certain  curved 
partitions,  which  form  chambers  something  like  the  buckets 
ufa  water-wheel.  The  steam  being  introduced  through 
the  hollow  axle,  after  filling  the  inner  cylinder,  flows  into 
oie  of  the  compartments  formed  by  the  curved  partition, 
and  pressing  upon  the  fluid,  cau^^es  the  drum  to  rise  on 
that  side  and  revolve  upon  its  axle  ;  this  suQers  the  steam 
to  enter  the  compartment  underneath  the  first,  (in  a 
manner  not  clearly  described),  and  force  it  out  of  the  fluid. 
The  first  compartmeut  is  by  this  time  above  the  level  of 
the  fluid,  and  the  steam  at  liberty  to  escape  into  the 
(channel  above,  which  communicates  with  a  condenser  or 
(he  open  air.  The  chambers  are  thus  filled  with  steam. 
And  raised  in  succession  above  the  surface  of  the  fluid,  and 
produce  a  constant  rotation  of  the  axis. 

This  latter  scheme  diSers  little  from  the  Steam  Wheel 
of  Sir  W,  Congreve,  which  is  simply  an  overshot  wheel 
completely  immersed  in  some  liquid,  in  which  it  is  made  to 

revolve  by  the  introduction  of  steam  underneath  the  In- 
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verted  buckets,  which  by  displacing^  the  water  with  wliicli 
they  are  filled,  renders  one  side  of  the  wheel  buoyant,  lod 
tauses  it  to  ascend.     Bj  this  means  the  buckets  are 
cessively  hruti«;ht  above  the  induction  pipe  and  filled 
Bteanif  which  continues  the  buoyancy  of  the  ascending  si 
and  keeps  up  a  constant  revolution  of  the  axis.   The  steao 
in  the  buckets  is  discharged  into  the  air  as  soon  as  they 
have  reached  the  surface  of  the  fluid,  the  latter  then  eih 
tering;  them  and  occupying  the  place  of  (he  steam. 

Neither  of  these  schemes  is  sufliciently  meritorious 
demand  much  consideration,  and  they  only  deserve  noli 
because  they  have  engaged  the  attention  of  higbly-taleott^ 
individuals.     Mr.  Bryan   Donkin  and   Mr.  Malani  hate 
both  tried  the  same  plan,  and  found  that  the  effect  bore  a 
very  small  proportion  to  the  steam  expended.     This  was 
mainly  attributed,  in  the  water  engine,  to  the  large  qaan* 
tity  of  exposed  liquid  which  is  to  be  maintained  at  a  tern* 
perature  equal  to  that  of  the  steam,  and  to  the  difficolty 
of  getting  the  steam  into  the  buckets  without  allowing  a 
considerable  portion  of  it  to  escape  through  the  water, 
without  at  all  aiding  the  revolution  of  the  wheel.    An 
insuperable  difliculty  also  was  encountered  regarding  the 
temperature  of  the  water ;  for  if  the  water  were  below  the 
boiling  poinl,  a  great  portion  of  the  steam  was  condensed, 
and  if  at  or  above  that  temperature,  the  water  was  speedily 
dissipated  in  vapour,  atid   required  to  be  replenished  by 
more  water,  which,  if  not  sufficiently  hot,  again  produced 
condensation,  but  if  it  were  used  boiling  hot,  a  separate 
boiler  was  necessary  to  supply  the  reservoir. 

Any  one  of  these  difBcultles,  however,  we  apprehend 
would  be  sufficient  to  prevent  success,  and  this  may  account 
f(»r  the  failure  of  the  mercury  engine  of  Mr.  Malani,  in 
which  it  appears  that  the  great  evil  would  be  the  steun 
wasted,  by  escaping  past  the  sides  of  the  compartments; 
for  without  the  iiicent  regulation  ofthe  supply  of  the  steaiOf 
not  one  half  of  it  would  take  its  place  in  the  bucket,  owing 
to  the  facility  with  which  it  might  displace  the  mercurv 
and  rush  through  it  to  the  surface,  and  so  to  the  eduction 
pipe.     We  arc  not  able  to  speak  as  (o  the  oxidization 


coni»Unt  heat,  but  we  apprehend  this  would  be  very  cou- 
iiderable«  and  of  course  add  to  the  defects  of  the  plan. 

We  described  in  a  former  part  of  this  work  a  very 
fiinple  modification  of  8avery*ti  plan  of  raining  water  in 
the  engine  of  Mr.  Nuncarrow;  and  from  the  great  sim- 
plicity of  another  apparatus,  on  the  like  principle,  we  are 
nduced  to  give  an  account  of  it.  We  allude  to  the 
machine  of  Mr.  Pontifex,  of  Shoe  Lane,  London,  whose 
i»provenient  consists,  it  will  be  seen,  in  rendering  the 
Mcbine  a  self-acting  one;  but,  besides  this,  the  skilful 
trrangeroent  of  the  parts,  and  the  precision  and  certainty 
of  its  movements,  ntake  it  an  object  worthy  of  attention. 


(Poutifi'x^s  WaUrraiaitnj  Engine.) 
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**  b  b  are  two  steam  cylinders  connected  by  croi 
at  c  Cy  in  each  of  which  a  vacuum  is  aUeniHtely  fo$ 
the  condensation  of  elastic  vapour,  connected  fif 
boiler  by  the  bent  tube  d,  and  admitted  lo  the  «t^ 
lindem  by  means  of  the  uliding  valve,  e.  /y,  tir^ 
perforated  with  smalt  holes  for  the  admission  of  sifli 
injection  water,  the  latter  of  which  in  distributed  by 
on  the  strap,  <;.  h^  the  suction  pipe,  proceeding 
bottom  of  the  well,  which  in  no  case  ou^ht  to  exc«4 
twenty-eight  to  thirty  feet  in  depth;  so  that  m  1 
bein§;;  formed  in  the  copper  ve^nsels,  b  b^  the  water* 
raised  hy  the  pressure  of  the  atmosphere,  and  pa«| 
the  tube  A,  will  take  the  place  of  the  elastic  vapo| 
two  valves  placed  at  the  upper  end  of  the  suction  I 
which  allow  of  the  upper  passage  of  the  water  fi| 
well,  but  prevent  its  return,  jj,  two  similar  valve< 
ing  into  the  air  vessel,  it,  to  which  is  attached  the  m 
serving  to  convey  the  water  from  the  copper  ra| 
any  required  point,  m,  the  injection  tube,  furnishi 
a  valve,  and  intended  to  convey  water  from  the  bo 
the  taper  tubes,yy.  p,  slop  cock  to  regulate  the, 
of  condensing  water.  There  is  a  tube  passing  fff 
bottom  of  the  cistern,  n,  to  the  injection  tube,  m,  ■ 
nished  with  a  stop-cock  at  s.  To  put  this  engine  Iw 
the  steam  must  be  first  raised  to  the  boiling  point,  j 
valve  or  cock  opened,  which  admits  it  to  pass  (ti 
boil«*r  to  the  pipe  d.  One  of  the  buckets  must  I 
made  to  descend,  which  will  open  the  sliding  vatv^ 
admit  the  steam  into  the  cylinder,  b  1.  The  atmoi 
air,  which  will  thus  be  expelled  from  the  cylindof 
lowed  to  pasii  through  the  valve  j,  and  nozzle  J| 
other  bucket  must  then  be  depressed,  and  by  its 
upon  the  sliding  valve  ii  will  open  a  communicati 
the  injection  water  through  the  pipe,  q  9,  which  I 
down  the  perforated  tube,  ,/*,  will  immediately  co 
the  steam,  and  form  a  vacuum  in  the  vessel.  Tha 
pressure  of  the  atmosphere  being  now  removed  fr^ 
suction  pipe,  A,  the  water  will  rush  \ip  to  restore  lhc» 
brium,  and  the  vessel,  6,  being  filled,  will  furnish 
ut  the  bent  lule,  /. 
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'* Having  examined  the  action  on  one  half  of  the  appa- 
rvlux,  we  may  suppose  the  same  effect  to  be  produced  on 
(b«  opposite  aide.  The  Hteatu  will,  in  the  first  instance, 
be  admitted  hy  the  pipe  c,  and  a  conioiunication  after- 
irardd  opened  by  means  of  the  sliding  valve  with  the  con- 
(icQsing  water,  which  by  reducing  the  steam  to  its  original 
bulk,  will  form  a  vacuum,  and  the  «vater  will  again  aHcend 
u  in  the  first  vessel.  The  stop-cock,  y^  must  now  be 
opened,  and  the  bucket  or,  (first  described)  made  to  descenil, 
which  will  remove  the  sliding  valve,  e,  (u  its  original  po- 
sitioa,  and  admit  the  steam  to  the  upper  part  of  the  tirst 
vfasel,  which  will  depress  the  water  and  cause  it  to  flow 
through  the  valve  j,  and  nozzle  /,  while  at  the  same  time 
the  water  will  pass  through  the  tube  u  m,  in  which  the 
ulve  w,  is  inserted,  beneath  the  inverted  vessel,  r.  The 
viter  will  continue  to  enter  the  bucket,  jt,  till  its  increas- 
\%%  weight  causes  il  to  preponderate,  and  turn  the  sliding 
valve,  f,  in  the  opposite  direction.  Should  there  not  be  a 
sufficient  supply  of  water  in  the  cistern,  rr,  for  the  pur* 
pose  of  condensing  the  steam  in  the  larg<er  vessels,  the 
Mop-cock,  p,  must  be  opened,  and  an  additional  supply  of 
»ater  will  then  be  furnished  from  the  chambers,  nra,  by 
(be  lube  m  ;  and  iu  the  event  of  the  bucket  not  being  de- 
pressed at  the  instant  that  the  water  is  expelled  from  the 
tbamber,  n,  of  the  veRsel  6,  the  steam  will  pass  through 
ibe  tube,  n  u,  and  act  between  the  under  side  of  the  fixed 
inverted  vcs«el,  r,  and  the  surface  of  the  water  in  the  move- 
able bucket,  X,  the  descent  of  (he  bucket  being  accele- 
nited  by  the  repellent  force  of  the  steam,  so  that  by  the 
sllemate  action  of  the  buckets,  xx,  the  motion  of  the  en- 
^ne  is  rendered  continuous. 

**ll  appears  that  each  steam  vessel  in  the  engine  em- 
ployed at  the  City  Gas  Works,  contains  about  3C  gallons 
of  water,  which  is  raised  by  each  about  28  feet,  three  times 
•lery  (wo  minutes;  one  bushel  of  coals,  or  two  of  coke, 
■rving  (he  boiler  about  two  hours  and  three  quarters."* 

In  1821,  a   patent  was  obtained  by  Mr.  Job  Rider,  of 
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Belfast,  in  Ireland,  for  a  rotary  engine,  which  has  bei 
Ihe  subject  ofB^rrat  rncomiuni  in  several  |ioriudicals  of  tl 
day,  some  of  which  have  not  hesitated  la  declare,  that 
it  was  to  be  found  the  solution  of  (be  f^rand  probli 
hitherto  sought  after  in  vain.  But  although  we  have  Im 
favoured  with  some  very  diffuse  remarks  by  these  worku,! 
of  them  have  omitted  to  notice  the  fact  of  its  being  new 
a  fac'simile  of  a  machine  patented  by  Messrs.  Brnniali  ai 
Dickenson,  thirty-one  years  previously  to  this  dale.  Wei 
not  menu  to  declare  that  Mr.  Rider  is  not  the  inventor 
this  machine,  because  although  a  minute  de^criplioa  ail 
engraving  of  it  are  given  in  one  of  the  early  volume*  of  tl 
Repertory  of  Ihe  Arts,  yet  we  well  know  that  this  work 
too  scarce  to  be  found  in  the  hands  of  every  inventive  m 
chanic  :  besides  which,  it  is  highly  improbable  that  &I 
Rider  woulil  have  incurred  the  expense  of  a  patent  i 
patents  for  a  machine  which  was  notoriously  the  subje 
of  a  previous  one.  It  is,  however,  to  be  regretted  lb 
Mr.  Rider  waa  not  better  informed  on  the  tubjet 
because  the  two  plans  resemble  each  other  so  rlosrly,  tin 
one  might  almost  fancy  they  had  been  drawn  from  ll 
same  model.  We  refer  our  readers,  for  a  full  explaai 
lion  of  the  principle,  to  page  14)7,  of  this  work,  and  hai 
merely  to  add,  that  a  respectable  manufactory  in  Scollai 
expended  a  very  considerable  sum  in  constructing  and  t\ 
plying  one  of  these  engines  during  the  }ear  IS'2^,  bt 
have  abandoned  it,  from  the  impossibility  of 
even  tolerably  steam-light. 

Mr.  Thomas  Masternian*s  rotatory  engine,  patenti 
J82ly  which  is  the  same  species  of  engine  as  Mr.  Oni 
already  described,  comes  next  under  our  notice. 

Fig.  1.  represents  a  vertical  and  central  section  ol 
troke  (being  that  part  of  the  engine  which  revolvM| 
Fig.  2.  is  a  transverse  section  of  it,  and  of  the  (wo  mad 
after-mentioned.  The  troke  is  composed  of  the  axis,! 
Ihe  nucleus  (being  the  central  parts,  and  through  wbic 
the  axis  passes),  of  the  annulus  (being  a  hollow  ring, ) 
which  are  placed  valve:^),  and  of  the  radii  ( being  (he  !itpii 
passages  between  the  nucleus  and  the  annul 
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fice  of  the  face  is  a  perfect  plane.  The  axis  passes  through 
the  hole  (1)  at  right  angles  with  the  plane  of  the  fuce. 
Six  holes  (2)  of  similar  figure  and  dimenitions  with  each 
olber,  are  sunk  in  the  face,  at  equal  distances,  in  a  direc- 
tion parallel  to  the  axis^  for  three  or  four  inches  ;  then 
curving  into  a  direction  at  right  angles  with  the  axis,  they 
opeo  ia  the  periphery  of  the  nucleus. 

The  annulus  (A)  conHista  of  six  equal  segments.  At 
Mch  of  their  joints  h  fixed  a  valve,  which,  by  being  ground 
on  its  seat,  is  rendered  steam-tight  when  closed. 

The  radii  (1,  2, 3,  4,  5,6,)  are  connected  with  the  nucleus 
and  annuhis,  so  as  to  form  steam-tight  rommtinicniions  be- 
tween each  hole  in  the  face  and  the  inside  of  the  annulus. 
Fi^.  3  is  a  plan  of  the  inner  mask  ;  being  a  circular  plate 
of  metal,  of  equal  diameter  with  the  face,  about  two  .inches 
thick,  and  having  each  side  perfect  planes  parallel  to  each 
other. 

There  are  four  holes  (1,2,3,4,)  through  it  :  1  is  of  suf- 
ficient size  to  admit  the  axis  ;  2,3,  4,  are  each  one  sixth  of 
(be  space  that  would  be  included  by  completing  the  two 
concentric  circles,  segments  of  which  form  the  sides  of 
those  holes  ;  and  those  circles  are  described  with  the  same 
radii  as  the  segments  of  those  which  bound  the  holes  in 
the  face.  Thus,  each  of  these  boles  would  extend  over 
one  of  the  holes  in  the  face,  and  one  of  the  adjoining 
spaces  :  the  space  between  2  and  3  is  of  such  dimensions  as 
JMt  to  cover  completely  one  of  the  holes  in  the  face.  4  is 
sitoated  so  as  to  leave  equal  spaces  between  it  and  2  and  3. 

The  periphery  of  this  mask  is  clasped  by  an  iron  hoop, 
from  which  projects  a  lever,  extending  nearly  to  the  an- 
nulus, and  having  a  small  inclined  bar  placed  across  its 
nul.  The  two  projections  from  fig.  4.  represent  the  begin- 
ning of  the  lever. 

The  outer  mask  is  a  circular  piece  of  metal,  of  the  same 
diameter,  and  about  the  same  thickness  as  the  inner  mask. 

The  axis  passes  through  both  masks  ;  the  inner  mask  is 
placed  next  the  face,  the  other  next  the  inner  mask,  and 
Dolh  are  kept  closely  pressed  towards  the  face  (by  menus  of 
■Krewtf  acting  on  the  back  of  the  outer  mask),  so  as  to  be 
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ideam-tigbt  wi(h  each  other  and  with  the  face  :  a  trifling 
pressure  suffices  to  make  them  so,  the  opposed  surfaces 
bving  been  ground  on  pach  other.  The  outer  mask  id 
placed  in  such  a  position  with  respect  to  fig.  1,  as  that  the 
pipe,  2,  may  be  horizontal,  and  point  towards  radius,  Gg.  2, 
ud  it  always  remains  stationary.  The  inner  mask  is  placed 
in  such  ft  position  with  respect  to  the  outer  mask,  as  that 
tbe  boles  2,3,  4,  in  the  former  may  communicate  with  pipes 
corresponding  in  the  latter,  and  thus  form  a  communica- 
tion between  the  pipes  communicating  with  the  boiler  and 
tie  air.     Thus  the  holes  in  the  inner  mask  are  for  the  same 

jtUtive  purpose  as  the  pipes  in  the  outer  mask. 

^^■e  transvenie  sections  of  both  masks,  placed  in  their 
waitve  positions,  are  represented  in  fig.  2. 

The  corresponding  letters  in  lig.  I  and  2,  refer  to  the  cor- 
responding parts  in  each  ;  p  p  are  the  axis,  g  g  are  its 
bearings. 

\^  the  valves,  and  the  gear  for  regulating  them^  are 
|irecisely  the  aame  in  each  segment  of  the  annulus,  only 
(no  of  them  (one  showing  their  position  closed,  the  other 
open)  are  lettered  for  reference. 

Each  valve  (f)  is  similar  to  the  other,  and  opens  in  the 
same  direction  ;  its  gudgeons,  moving  freely  in  sockets, 
fixed  to  the  sides  of  the  annulus  nearest  the  axis. 

\  'Their  working-gear  is  as  follows :  a  is  a  small  hollow 
protuberance  or  bonnet  screwed  on  the  annulus,  and  com- 
municating with  the  inside  of  it ;  on  one  of  its  inner  sides 
iiasocket,  on  the  opposite  a  stufling-box  ;  one  end  of  a 
spindle  works  in  the  socket,  the  other  passes  through  the 
btuiling-box  to  the  outside  of  the  bonnet ;  to  this  end  is 
attiched  the  lever  6,  and  to  the  centre  is  attached  the  lever 
c;  both  levers  being  at  right  angles  with  the  spindle,  and 
u  the  opposite  direction  to  each  other.  To  the  extremity 
of  c  is  attached  (by  a  moveable  joint)  the  rod  dy  and  to  the 
extremity  b  is  fixed  the  weight  e,  being  more  than  sufTi- 
nint  to  counterpoise y",  which  is  connected  with  it  by 
ueanaof  a  moveable  joint  at  the  other  end  of  (f,  and  at- 
'*chcd  to  the  centre  of/.  The  levers  are  so  placed  as  to 
^u^e/to  be  half  open  when  they  point  to  the  axis.  Thus 
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11  IS  evident  that,  during  the  revolutions  o(  the  (roke,  Iw4 
of  the  valves  (/)  on  its  ascendini;  side  (denoted  hy  tM 
arrow)  wilK  by  the  mere  preponderance  of  c,  be  shut,  at^ 
the  whole  of  the  others  will  be  open,  aa  represented  id 
tig.  I.  " 

For  more  easll  y  comprehending  the  action  ofthose  vaUei^ 
let  it  be  considered  that  their  movements  are  regulated  Ij] 
the  mere  gravity  of  the  weight  e.  \ 

The  machinery  to  which  motion  13  to  be  imparted  k' 
attached  to  that  end  of  the  axis  next  fig.  1.  .. 

The  steam    is  generated  and  condensed  in  the  uml 
manner.  || 

The  principle  on  which  the  engine  acts,  is  by  a  liquid  ' 
body  (water  or  mercury,  for  instance)  placed  in  the  anno-  i 
Iu9,  being  pressed  on  one  side  of  the  troke  by  the  stca«, 
until  that  side  gains  such  a  preponderance  over  ihe  other, 
as  to  overcome  the  resistance  of  the  machinery  attacheil  1 
to  the  axiff,  and  by  being   then  sustained  there,  to   matD* 
tain  the  preponderance  during  the  revolution  of  the  trokr.  „ 

The  engine  represented  by  the  engraving  is  one  in  whid  1 
water  is  the  liquid  made  use  of  in  the  annulus.  The  man*  \ 
ner  in  which  it  is  worked  is  as  follows  : —  { 

The  annulus  is  nearly  half  filled  with  water,  which  need 
never  be  withdrawn.     The  troke  is   placed  so  as  to   hare 
two  of  its  radii   in   a  vertical   position.       The  steam-cock 
is  turned  ;  consequently  the  steam  rushes  through  the  pipe 
and  hole  (2)  in  the  outer  and  inner  masks,  and  throagh  tJhs 
lowest  hole  in  the  face  into   the  lowest  radius  ;  and,  aAfr 
imparting  to  the  surface  of  the  water  in  that  radius  its  own 
temperature,  it  presses  such  water  downwards,  and  flow)  ; 
into  the  annulus,  condensing  in  the  water  therein,  until  it  I 
has  imparted  to  it,  also,  its  own  temperature,  which  will  |, 
be  rapidly  accomplished.     On  the  temperatures  becomtni?  ; 
alike,  the  steam  will  rise  through  the  water  on  both  side*  1 
of  the  troke,  and,  meeting  with  a  closed  valve  on  one  side* 
will  press   the  water  which  is  beneath  it  downwards,  and  | 
consequently  cause  the  water  on   the  other  side   lo  riat  j 
proportionably,  until    tht    preponderance  thus  givea  t* 
that  side,  be  sufficient  to  overcome  the  resistance  of  iW 
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nachinery  attacned  to  the  axis,  whereupon  the  troke  will 

iamediately  begin  to  revolve.  The  load,  or  resistance 
of  (he  machinery,  remaining  the  same,  and  the  supply  of 
steam  being  equable,  the  water  will  remain  nearly  sta- 
tionary during- the  revolutions  of  the  troke :  its  surfaces 
ire  denoted  by  the  lines  at  n  and  o. 

As  the  troke  revolves,  each  of  the  lioles  in  the  face  com- 
nunicates  in  succession  with  2,  in  the  inner  mask. 

It  should  be  borne  in  mind,  that,  as  haa  before  been  ob- 
served, the  position  of  the  inner  mask  is  never  so  far 
changed  as  to  prevent  2  and  3  therein  communicating  with 
the  corresponding  pipes  in  the  outer  mask,  when  the  en- 
gine is  at  work. 

By  the  construction,  one  entire  hole  in  the  face,  or  parts 
of  two,  equal  to  one,  is,  or  are  always  in  communication 
with  2  in  the  inner  and  outer  masks  ;  so  that  there  is  aU 
Taya  an  equable  flow  of  steam  into  the  annulus,  prevent^ 
iag  the  depressed  surface  of  the  water  rising  with  the  as- 
cending closed  valve. 

The  holes  in  the  face,  as  they  pass  in  succession  from  2 
to  3  in  the  inner  mask,  are  entirely  closed  by  the  space 
between  them;  and  immediately  on  communicating  with 
5,  the  steam  confined  between  the  two  closed  valves  rushes 
from  the  annulus,  through  3,  into  the  air,  or  into  the  con- 
denser, if  one  be  used.  And  until  the  same  hole  in  the 
fkce  has  passed  3,  a  communication  with  the  air,  or  the 
condenser,  remains  for  the  discharge  of  the  steam. 

The  pressure  of  the  steam  being  thus  removed  from  each 
valve,  (/)  as  it  arrives  at  this  point,  it  will,  by  the  gravity 
of  f,  open  as  it  begins  to  descend,  (see  the  valve  partly 
open  in  fig.  1)  and  thus  allow  the  column  of  water  to  re- 
main on  that  side  of  the  troke. 

The  water  will  fill  the  radii  as  their  ends  descend 
beneath  the  elevated  surface,  o,  and  will  remain  there 
until  the  steam  presses  it  out  at  about  n,  but  cannot  escape, 
if  before  it  enters  them  the  hole  in  the  face  has  pressed 
the  hole  3;  otherwise,  however,  the  water  would  escape 
through  that  hole  into  the  air,  or  condenser. 

A  uniform  rotatory  motion  is  thus  produced  and  main- 
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tftined  as  loug  a^  the  steam  Hows  equably  ioto  tlieaanulu% 
acting  with  a  force  proportionable  to  the  prepondeninc* 
of  the  water  on  one  side  of  the  troke  over  the  other.  This 
force  is  easily  estimated,  being  equal  to  the  weight  of  a 
perpendicular  column  of  water,  having  the  difference  of 
the  two  levels  for  iu  altitude,  and  the  area  of  a  tranHverM 
Bection  of  the  annul  us  for  its  base,  pressing  against  the 
closed  valve. 

Thiti  description  of  Mr.  Masternian's  engine  is  copied 
from  a  pamphlet  published  by  Messrs.  Underwood  in 
1822,  which  gives  a  very  clear  description  of  the  whok 
Diachine,  together  with  a  detail  of  the  comparative  advao* 
tages  the  writer  imagined  this  machine  to  possesH  over  the 
reciprocating  one.  As  it  will  serve  our  purpose  be^t,  in 
treating  on  this  machine,  to  follow  the  author  throu 
aome  of  his  remarks,  we  will  step  out  of  our  usuul  rnu 
in  the  present  instance. 

The  difficulties  which  are  stated  to  have  been  obviat 
or  lessened  by  the  invention  of  this  engine  are,  ^*  1st,  Iha 
skill  and  nicety  of  workmanship  required  in  construction 
and  erection;  2d,  the  cost  of  construction  and  erection; 
9d,  the  space  they  occupy;  4th,  the  expense  of  working 
and  keeping  them  in  repair ;  5th,  the  power  lost  by  fric- 
tion, by  alternate  movement,  and  by  the  oblique  directioa 
in  which  the  power  is  exerted  through  the  medium  of  the 
crank  rod ;  6th,  the  great  pressure  of  steam  required  to 
work  with  any  economy  without  a  condenser;  and  7th, 
the  trouble  of  putting  them  in  motion  when  they  ttop 
with  the  crank  in  a  vertical  direction,  and  the  care  re- 
quired to  prevent  the  fly  wheel  taking  a  reversed  motion.** 

Before  going  into  Mr.  Masterman^s  remarks  as  to  bow 
far  these  faults  are  obviated,  it  may  be  worth  while,  in  the 
6rst  place,  to  see  whether  all  of  them  exist.  On  this  it 
may  be  said,  that  the  6rst,  second,  third,  and  fourth,  arc 
evils  which  have  justly  occupied  the  consideration  of 
nearly  all  mechanics  since  the  general  adoption  of  the 
vteani  engine,  and  are  in  reality  evils  of  such  a  nature  as 
to  be  evident  to  every  one. 

But  in  the  tifih  enunv^rated  evil  the  author  Las  falUo 


into  a  very  great  (hough  a  very  common  error,  in  conceiv- 
ing (hat  power  is  lost  by  (he  oblique  position  in  which  the 
crank  receives  the  force  of  the  steam.  We  have  had  occa- 
sion  more  than  once  to  lament  that  (he  erroneous  idea 
formed  on  this  subject,  has  led  many  able  mechanics  into 
p^at  expense.  Perhaps  it  is  not  incorrect  to  say,  (hat 
one  halfof  (he  rotative  engines  which  have  been  a(temp(ed, 
vould  never  have  beer  under(aken,  had  the  different 
patentees  been  fully  aware  (hat  no  saving  is  effected  by 
increasing  the  length  of  the  lever  upon  which  the  steam 
exerts  its  force.  These  engines  have  generally  been  en- 
cumb<*red  with  an  interior  cylinder,  or  drum  of  such  a 
diameter,  as  to  cause  a  considerable  friction,  the  purpose 
of  such  drum  being  to  prevent  the  steam  from  acting  near 
the  centre  of  motion,  where  it  was  conceived  it  would  be  in- 
effective. Had  this  supposition  been  (rue,  Mr.  Mas(er- 
man*s  engine  would  have  had  ten  times  the  eifect  of  any 
other  :  for  the  diameter  of  the  experimental  engine  being 
90  feet,  the  lever  would  be  ten  times  more  than  (he  average 
length  of  a  crank  of  a  reciprocating  engine  of  (he  same 
power. 

The  sixth  disadvan(age  stated,  as  attendant  on  a  reci- 
procating engine,  is  the  great  pressure  of  steam  necessary 
to  work  it  wi(hou(  a  condenser.  This  is  undoubtedly  a 
difficulty  which  is  of  no  small  moment,  and  Mr.  Master- 
man  *s  engine  (if  it  had  succeeded  in  other  respects,)  would 
have  bidden  fair  to  have  completely  obviated  it.  The  force 
of  steam  necessary  to  give  motion  to  an  annulus  of  a  large 
diameter  being  as  much  less  than  that  excited  on  a  crank, 
dm  (he  length  of  the  crank  is  less  than  the  semi-diameter  of 
the  annulus.  Hence  a  pressure  of  7  or8  pounds  per  square 
inch  would  have  produced  the  same  effect  in  this  engine  as 
70  or  80  pounds  per  square  inch  would  have  produced, 
when  exerted  on  a  crank  of  IS  inches  in  length. 

The  seventh  disadvantage  stated — *'  is  the  trouble  of 
pu((iDg  a  8(eam  engine  in  motion,  when  it  stops  with  the 
crank  in  a  vertical  position  ;  and  the  caro  necessary  to 
prevent  the  fly  wheel  taking  a  reversed  motion."  There  is 
no  douSt  that  it  is  a  very  great  inconvenience,  when  the 
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expedient  and  absolutely  necessary  to  have  the  pa 
reversing  the  motion  of  the  engine.  Mr.  Mastcrtnaii 
fore,  assumes  that  to  be  an  advantage  which  in  r€ 
an  insuperable  objection  to  the  general  adnptionl 
machine  not  possessing  the  power  of  revolving  eit 
wards  or  backwards.    In  steam  boats  particularly 
Mr.  Masterman  is  sanguine  enough  to  imagine  his 
engine  could  be  applied  with  advantage)  the  capal 
easily  reversing  the  motion  is  a  point  of  first  considi 
and  without  such  power,  no   one  could  guaranl 
performing  a  voyage  with  safety. 

Having  shown  that  many  of  the  objections 
not  exist,  we  shall  proceed  to  inquire,  how 
do,  are  obviated  by  this  machine;  and  we  shall  fii 
that  we  have  had  frequent  opportunities  of  inspect 
engine,  which  was  erected  by  Mi 
colliery,  near  Newcastle;  the 
in  diameter,  and  which  ought 
his  calculation,  of  12  or  13  horses  power.  We  are  ^ 
therefore  to  speak  from  our  own  observation  ;  in  m 
to  which,  we  have  been  favoured  with  particular  ii 
tion  on  the  subject,  by  the  managing  engineer  of 
colliery. 

It  appears  that  the  ^*  skill  and  nicety  of  work) 
nre  by  no  means  lessened  in  this  machine,  but*on 
trary,  the  cost  of  it  must  greatly  exceed  that  of 
prorating  engine.  It  is  stated  that  ^^  the  only  pi 
quiring  any  nicety  are  the  valves,  valve-seats,  m 
masks,  which  must  work  steam-li^ht."  Were  thea 
will  be  readily  conceived  that  the  care  required  ii 
them  up,  must  greatly  exceed  ihat  of  a  reciprocal 
gine ;  there  being  no  less  than  28  surfaces  of  bi 
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mrtal  In  he  made  perfectly  smooth  Rnd  steam-tight  by  the 
tiiuul  processes  of  Hlini;,  turning,  and  g^rindiii^;  whereas 
in  the  rommnn  engine  there  are  hut  tuo,  requiring  such 
nicely.  It  follows,  iherefore,  that  the  cost  as  well  as  the 
skill  rei^uired  in  the  construction,  must  exceed  that  of  the 
latter. 

In  remarking  on  the  comparative  friction  of  the  two 
kinds  of  engines,  it  is  observed,  that  *'  ns  the  valves  are  re- 
fulaled  by  the  gravity  of  the  weight,  there  is  no  friction 
iKlhe  pins.'*  This  is  an  error,  since  it  is  evident  that 
th«e  wcightSy  by  the  falling  of  which  the  valves  are 
worked,  must  be  raised  by  the  power  of  the  machine,  to 
Iho  elevation  from  which  they  fall  ;  as  much  force,  there- 
fore, must  be  exerted  to  elevate  them,  as  would  have  beea 
necessary  to  have  moved  the  valves  by  the  more  direct 
tction  of  the  machine. 

But  these  defects  are  of  little  importance,  and  scarcely 
deserve  (he  notice  we  have  given  thein.  We  shall  now  shew 
what  appears  to  have  been  the  cause  of  failure.  This 
seems  chiefly  to  have  been  the  great  condensation,  arising 
from  the  exposure  of  the  steam  in  the  annulus.  The  steam 
occupying  one  half  of  the  circle  becomes  dispersed,  as  it 
were,  in  a  long  bended  pipe,  which  is  subjected  to  the  dis- 
tdvaotage  of  passing  through  the  air,  by  which  the  con- 
densation must  be  increased.  Another  cause  of  condensa- 
tion is  the  difference  in  temperature  between  the  depressed 
•nd  the  elevated  surfaces  of  the  water.  The  lower 
(urface  being  continually  in  contAt  with  the  steam,  is 
nwrly  of  the  same  beat,  whilst  the  upper  surface  is  con- 
s'Jerahly  colder.  Now  the  different  segments  of  the  troke 
*<irce"«ively  lose  a  portion  of  their  caloric,  as  they  past 
o^erthe  cooler  portion  of  the  liquid;  and  in  this  cooled 
*'aie  bocome  the  recipients  of  the  steam ;  and  atthougli 
there  is  a  tendency  in  the  machine  to  bring  all  purtsof  the 
vaterto  an  equal  temperature,  it  was  found  preferable  to 
prt'vent  such  a  consequence,  by  a  supply  of  cold  water,  as 
tile  elevated  surface,  when  so  heated,  expanded  into  steam, 
luid  escaped  through  the  discharging  pipe. 
Ajiother  and  secondary  cause  of  waste  takes  place,  when 
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there  is  tbe  least  variation  in  the  resistance  of  the' 
when  that  is  uniform,  the  steam  exerts  merely  the 
necessary  to  overcome  it;  but  upon  the  resistancei 
increased,  the  steam  then  forcing  upon  the  yielding  91 
of  the  water,  without  immediately  producing  the  rei 
speed,  drives  a  considerable  quantity  of  it  over  the  ^ 
part  of  the  annulus,  into  the  empty  side  of  the  wbe^ 
by  occupying  its  place,  rises  by  its  inferior  gravity  upl 
through  the  water,  and  escapes  through  (he  discbl 
pipe  without  producing  any  effect.  When  thin  takei!i{ 
it  is  some  time  before  the  water  returns  to  its  proper 
tion,  or  becomes  a  sufficiently  steady  abutment  to  pn 
the  required  powers.  J 

The  consequence  of  these  defects  was  extreme] 
parent  in  the  engine  alluded  to;  the  escape  of  d 
being  such  that  few  persons  could  endure  the  heat  i 
engine-house  when  the  engine  was  working.  The 
by  condensation  was  so  great,  that  it  required  a  bol 
sufficient  capacity  to  have  worked  a  reciprocating  f 
of  36  horses  power,  merely  to  drive  a  small  circulai 
which  could  have  been  easily  driven  by  an  engine  ofj 
horses  power.  The  varied  resistance  produced  by  ■ 
wood,  rendered  the  last-named  defect  very  apparent] 
indeed,  considering  the  degree  in  which  its  eff*e«| 
weakuned  by  the  irreguiariiy  of  its  load,  perhaps 
was  the  most  ill-judged  application  of  its  force.        j 

We  have  been  thus  particular  in  our  inveatigml 
this  ingenious  machine,  because  several  scientific  I 
were  disappointed  by  its  failure,  and  because  both 
lingtnn  and  the  author  of  Sluart*s  History  have  an( 
tedj  (hat ''  if  ever  rotatory  engines  should  be  brougl 
•uccewful  competition  with  the  common  steam  etxd 
appeared  probable  that  they  might  be  constructed  ^ 
principle/'  We  perfectly  agree  with  the  latter  || 
however,  in  the  opinion,  that  much  credit  is  due  | 
Mnstcnnan  for  his  very  clear  and  interesting  accoi 
hi*^  muchinc,  and  (he  candid  appeal  which  he  mal 
evporiiiient.  We  ttusi,  in  examining  the  pagesof  hll 
pamphlet,  that  we  hi  re  been  divested  of  every  prejj^ 
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and  ihat  our  apparently  severe  examiiiatiuii  will  be  attri* 
buted  (o  ttip  proper  motive.  It  is  sincerely  to  be  wished 
that  more  would  follow  his  example,  and  fairly  submit 
tbeir  inventions  to  the  public,  divested,  like  hift,  of  all 
nnstery  and  quackery;  the  advantages  which  would  arise 
from  this  liberal  proceeding  would  be  incalculable. 


ll  has  been  shown  in  an  early  part  of  this  work,  that  a 
high-presiure  engine  consumes  less  fuel  than  a  condensing 
engine  of  the  same  power,  and  that  the  force  of  the  steam 
per  square  inch  increases  in  a  much  greater  ratio  than  the 
temperature  communicated  to  the  water.     This  fact  fully 
eslabltshes  the  superior  economy  of  a  high-pressure  engine, 
tnd  it  also  proves,  that  the  more  the  pressure  is  increased, 
stiU  less  fuel  proporiionably  will  be  required.     Though 
tbijt  curious  phenomenon   is  universally  known,  yet  few 
Bttempts  had   been   made  in   England   to  use  steam  of  a 
pressure  exceeding  50,  or  at  most  100  pounds  on  the  square 
inch,  until  the  recent  experiments  of  Mr,  Perkins.     Thia 
delay  among  our  engineers  to  adopt  what  would  seem  to 
prnmise  such  great  advantages,  must  be  attributed  to  a 
Caution  which  has  been  well  grounded.     The  great  danger 
of  explosion  must  have  been  quite  sufficient  to  have  de- 
terred them  from  the  trial ;  and  until  that  could  be  effec- 
tually guarded  against,  it  would   have   been   madness  to 
increase  the  pressure  of  steam  beyond  its  present  limits. 
It  ia,  indeed,  no  uncommon  circumstance  to  find  boilers  ifi 
America  loaded  to  double  and  sometimes  treble  the  pres- 
sure of  the  greatest  force  we  have  now  named;  but  still, 
vitb  boilers  of  the  usual  construction,  the  danger  must  be 
very  great,  and  the  liability  to  accident  such,  as  to  more 
than  counterbalance  all  the  advantages  that  can  be  ob* 
lained. 

Mr.  Jacob   Perkins,  however,  conceived   that  alt   this 
Mving  could  be  effected,  and  that  danger  could  be  rp- 
inoved,  by  reducing  the  si^e  of  the  boiler.     Wc  shall  give 
Mr.  Perkins's  own  remarks  on  the  subject: — 
^^  It  is  a  well-known  fact  that  water  does  not  boil  under 
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atmospheric  pressure  until  it  has  lieen  healed  lo*i2r?*t  ai^'i 
which  nil  the  heiit  that  cnn  l>e  applied  cannot  increue  %hi 
temperature  of  the  steam  or  wutrr.  Now,  add  an  arti 
iicial  Htmo^phrrc  by  loading  (he  escape  vnlve  (the  tfurfaci 
of  which  itt  equul  to  a  square  inch)  uith  14  llis.  und  it  will 
cceive  250"  of  beat,  with  a  very  little  addition  of  I'uel,  and 
the  pressure  on  the  square  inch  will  bo  doubled,  or  ^lbf<.| 
the  mechanical  action  will  not  be  double,  yet  it  will  be 
rncreused  much  more  than  the  cou'^umption  of  fuel.  LH 
the  valve  be  loaded  with  two  additional  atmo«tpherea,  oi 
42  lbs.,  and  the  temperature  will  be  raised  to  280",  and  will 
again  produce  double  pressure,  or  5<>  lt>s.  on  the  inch,  and 
so  on.  If  the  generator  be  made  strong  enough,  as  I  ban 
no  doubt  it  may  be,  to  withstand  ()0,OOOIbs.  load  on  (Im 
escape  valve,  the  water  would  not  boil,  although  it  would 
exert  an  expansive  force  equal  to  56,000  lbs.  on  the  inch, 
nnd  be  at  about  1170"  of  lieat,  or  cherry  red.  Water  thufi 
heated  would,  if  it  were  allowed,  expand  itself  into  atmi 
spheric  steam,  without  receiving  any  additional  bent  fr 
uhal  surrounded  it.  !t  is  not,  however,  necesimry  to  hi 
the  water  to  more  than  f300°,  to  hove  it  flash  into  steam, 
the  generator  be  properly  constructed.*' 

a  a  is  the  generator,  kept  constantly  filled  with  wal 
up  to  the  valve;  6  6  is  the  furnace  surrounding  the  gei 
rator,  by  which   the  water  it  contains  is  intensely  he 
but  is  prevented  from  escaping,  notwithstanding  its  gi 
expansive  force,  by  the  enormous  pressure  npon  the  vi 
by  the  variable  weight  d;  or  until  the  pump  o  has  I 
a  given  quantity  of  water  into  the  tower  part  of  the 
rator,  which  raii^es  the  valve,  and  causes  a  like  qua] 
of  the  heated  water  to  escape  into  the  pipe  c  r, 
flashing  instantaneously  into  steam,  it  roslies  into   t1 
linder  g,  and  drives  tlie  piston/to  the  farthest  end 
this  action  causes  a  communication  to  be  opened  in] 
pipe  Jt  into  which  the  steam  passes;  the  pipe   kk 
through  the  condenser  /  /,  delivering  out  its  heat 
cold  water  contained  therein  ;  from  thence,  after  d 
ing,  it  takes  an  horizontal  course,  and  enters  the  n 
■Kyfrom  whence  it  is  re-pumped  for  use  by  theappai 


•ati 


(Jacob  Perkins's  Engine.    1822.) 

The  arm  h  is  attached  at  one  end  to  the  piston  /,  and  is 
•^iteequently  moved  by  it  in  a  horizontal  line  (he  leng(h 
of  the  cylinder  <7,  and  the  oth^r  end  of  the  arm  being  con- 
''**cled  with  I  he  fly  wheel  i,  causes  it  to  revolve;  the  fly 
'''^put  into  action  gives  motion  to  the  rotatory  valve  e, 
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which  opens  and  shuts  alternately  a  coramiinication 
holli  sides  of  the  piston.     An  iron  rod  and  chain  y  beiii^3 
fixed  to   the  arm  h^  and  at  the  other  end   to   the   loadeilM 
lever  p,  the  pump  o,  is  worked  by  the  action  of  the  arra^^i 
causing;  at  every  revolution  of  the  fly  a  fresh  quanlity  o^ 
water  to  be  forced  into  the  bottom  of  the  generator,  whicl^ 
again  raises  its  loaded  valve,  and  allows  the  escape  of  ar» 
equal   quantity  of  water  into  the  pipe  cc,  where  flashing 
into  steam,  and  rushing  into  the  cylinder,  it  operates  upon 
the  piston  ag;ain,  and  keeps  up  the  alternating^  and  rotatory 
motion  of  the  several  parts  before  mentioned. 

The  condenser  //,  is  a  lube  of  copper  about  4  inches  in 
diameter,  and  20  feet  long-,  and  is  supplied  constantly  with 
cold  water  from  the  pump,  throus^h  the  pipe  n  n.  This 
enters  the  condenser  at  the  lower  end,  and  is  discharged 
at  the  upper  end  into  the  descendino;  tube  r  r,  which  pro- 
ceeding to  the  lower  part  of  the  apparatus,  ascends  in  a 
spiral  windinfT  of  many  coils  round  the  bottom  of  the  fur- 
nace up  to  the  valve  f,  loaded  by  a  variable  weight  u, 
equal  to  700  Lbs.  upon  the  square  inch  (or  about  50  atmo- 
spheres) ;  from  the  valve  s,  the  tube  descends  as  at  vv  v,  and 
proceeds  to  nearly  the  bottom  of  the  generator,  as  shown 
I  by  the  dotted  lines.     In  order  to  ensure  safety  to  the  ap- 

paratus, a  tube,  i  ly  is  fixed  to  the  o^enerator,  and  proceeds 
I  to  the  dial  rr^  showing  the  degree  of  pressure,  or  the  num- 

I  ber  of  atmospheres  at  which  the  machine  works.     Near  to 

I  the  middle  of  this  tube  is  fixed  a  safety  valve  of  copper,  jt, 

which  is  lorn   up  when  the  pressure  greatly  exceeds  the 
intended   force.     The  atmospheric  air  contained  in  the 
spaces  on  each  sJde  of  the  piston  escapes  by  tubes  at   zi, 
I  furnished  with  stop-cocks.* 

I  ThiH  was  one  of  Mr.  Perkins's  early  modifications,  and 

I  althotigh   there  have  been  various   alterations  since,  yet, 

I  as  thosL-  have  been  nearly  all  in  the  engine,  which  of  cour^ 

has  nothing  to  do  with  his  principle,  it  is  unnecessary  lu 
give  them.  The  experiment,  as  far  as  it  regards  the  ge- 
neration of  steam  of  thisenormous  pressure,  has  been  quit« 

*  Register  of  Art>  and  Sciences,  vol.  i.  |). 
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(Wclsive;  but  the  economy  of  engines  on  (hi::  principle  liaa 
not  beenKofully  established.  It  appear;^  that  Mr.  Pcrkiua'H 
principal  difficult)  has  been,  not  the  genrratiun  o\^  the 
stfaiD,  but  its  application  to  the  machinery.  This  difficulty 
hu  been  owin«^  to  the  high  temperature,  >vhich  the  cylin- 
der and  working  parts  acquire  when  in  operation,  which 
produces  several  inconveniences;  the  main  one  of  which  Lt, 
that  it  i^  absolutely  impossible  to  lubricate  the  sides  of  the 
qlinder  ur  valves  with  oil,  tallow,  or  any  such  material, 
although  it  is  well  known,  that  metallic  packing  cannot  be 
maintuiiied,  even  in  a  ronden:$ing  engine,  tolerably  steam- 
tight,  without  some  such  application;  and  if  such  a  diffi- 
culty occur  in  a  low-pressure  engine,  how  much  greater 
must  that  difficulty  be  in  an  engine,  working  at  the  great 
force  of  steam  at  which  this  is  worked,  especially  when  we 
consider  the  very  subtile  nature  of  fiuch  steam,  and  the 
moch  greater  proportion  that  the  opening?,  through  which 
tb(  escape  is,  bears  to  the  surface  of  a  piston  on  thin  prin- 
ciple, than  similar  openings  in  a  metallic  packing  bear  tu 
tikp  surface  of  a  piston  of  a  condensing  engine.  The  reason 
why  It  is  impracticable  to  apply  oil,  is,  that  the  great  tem- 
perature of  the  cylinder  instantly  carbonizes  it,  or  causes  it 
to  pass  off  in  vapour,  and  in  that  form  to  escape  to  the 
atnonphere.  Another  inconvenience  is,  that  the  niateriaU 
of  which  the  piston  and  valves  are  composed,  become  by 
wtar  and  friction  (both  of  which  are  increased  by  the 
C4use  just  named)  speedily  destroyed. 

In  order  to  obviate  some  of  these  cvIIh,  Mr.  Perkins  bus 
juM  taken  out  another  patent,  in  which  it  is  stated  that  he 
lu»  discovered  a  method  of  forming  a  metallic  piston,  of  a 
peculiar  alloy,  requiring  neither  oil,  tallow,  nor  any  lu- 
Wicating  material  whatever,  to  reduce  the  friction  ;  on  the 
contrary,  b)  the  working  of  the  engine,  the  rubbing  sur- 
Uce^  of  the  piston  and  cylinder  become  so  highly  polished, 
^  to  reduce  the  friction  considerably  below  that  of  the 
<^dinary  metallic  packing  when  oiled. 

There  have  been  »o  many  exaggerations  and  misrepre- 
sentations respecting  this  engine  from  first  to  last,  that  we 
^annot  venture  to  give  credence  to  any  thing  ou  the  sub- 
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jec(,  without  seeing  this  alleged  improvement  iu  acto«J 
practice,  or  attested  by  men  of  credit  and  respectability^ 
certain  it  is,  that  Mr.  Perkins's  engine  can  never  answer, 
without  such  an  aHoy  as  that  alluded  to  ;  and  it  is  equally 
certain,  that  if  a  material  possessing  these  qualities  hm 
been  discovered,  its  utility  will  not  he  limited  to  the  steaB 
engine  alone,  but  will  be  equally  applicable  to  roa< 
of  almost  every  modification. 

Mr.  Marc  Izamburd  Brunei  obtained  a  patent  in  II 
for  a  very  ingenious  application  of  the  steaui  en|^ioe,  b) 
which  the  connecting  rods  of  two  cylinders  are  made  to  giva 
motion  to  the  same  crank:  the  following  figure  and  de- 
scription will  enable  our  readers  to  understantl  it.* 

Fig.  1.  is  a  front  elevation,  and  fig.  2.  a  plan  or  birdV 
eye  view  of  the  engine,  divested  of  tire  various  gearaad 
appendages  employed  in  communicating  its  power,  in 
order  that  it  may  be  cleurly  and  readily  understood 

a  a  a  is  A  strong  triangular  frame  of  ca^tt  iron,  conlain* 
ing  the  two  working  cylinders,  b  b ;  these  cyliudera  trv 
inclined  towards  each  other,  so  aa  to  form  an  angle  o( 
ID2',  that  particular  angle  having  been  found  by  Mr.  Bru- 
nei to  be  preferable  to  all  other:>  in  eOecting  a  rotatory 
motion  to  tbe  crank,  by  the  alternating  action  of  the  pislui 
rods,  cc  are  the  piston  rods  ;  d d  the  connecting  rod«,at- 
tachcd  to  the  revolving  crank  e€,  which  by  its  axis  com* 
municates  motion  to  whatever  machinery  may  be  connected 
thereto  ;  //are  metal  rollers,  running  upon  guide  platr*. 
to  give  support  to  the  pistons,  and  thereby  equali^- thi->r 
friction  in  the  cylinders. 

The  steam  is  received  from  the  boiler  into  the  mmH 
cylinders  g  g^  and,  by  the  action  of  the  pistons  tbere«n«tkr 
steam  is  alternately  admitted  into  one  of  the  ends  of  lb' 
w^irking  cylinders,  b  6,  and  a  passage  opened  for  its  escape 
at  the  other.  The  action  of  the  pistons  in  the  small  cJio' 
ders,  gg^  is  effected  by  eccentrics,  placed  upon  the  axi^ 
of  the  main  crank  e,  as  may  be  seen  at  ^g,  2  ;  these  ecfo* 
Iricsgive  motion  to  the  rods  h  /i,  which,  by  the  intermedia'*^ 
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Imrers  shown,  operate  upon  the  pistons  in  (he  small 
cylinders. 

A  patent  was  obtained  in  1824,  by  Mr.  George  Vaiighan, 
of  Sheffield,  for  a  very  curious  application  of  the  old  open- 
topped  or  atnifwpheric  steam  engine,  which  we  here  give, 
notfrom  any  faith  in  the  alle£;ed  advantages  derivable  from 
itiU3e,  but  from  the  novelty  of  its  appearance. 

*' Pig.  2.  represents  a  section  of  thu  cylinder,  aaaa  is 
ftcast-iron  cylinder,  open  at  both  ends,  and  bored  true  ;  6 
I  partition  in  the  middle  of  the  cylinder,  a,  which  muy  be 
Easily  cast  in,  or  bolted  in  afterwards  ;  ccc  c  is  a  rasing  ca-^t 
found  the  cylinder  a,  with  a  flange  at  the  top  and  at  the 
t'oaom,  and  another  a  little  below  the  middle,  to  fix  the 
cylinder  in  its  place,  which  casing  is  fur  the  purpose  of 
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(  Fau^Aan*«  Engine.     1824.) 

keatinfi^  lhecylin<ler,  and  keeping  it  hot  in  the  u<)ua1  way; 
Iwo  side  rods,  dddd^  work  throue^h  two  copper  or  other 
metal  pipes  fixed  between  the  casinof  and  (he  rylindrr, 
which  pipes  are  rivetted  to  the  top  and  bottom  flnn^c  of 
the  cylinder  ;  #€  are  two  cross  bars  connected  to  the  side 
rod  at  both  ends,  and  also  to  the  top  and  bottom  rods  of  i 
Ihe  piiitons.  The  upper  piston  is  represented  as  nearly  ■♦ 
the  top  ofthe  cylinder.  The  piston  rod  is  connected  to  the 
cro0>4  bur  ty  a  socket  in  such  bar,  which  bar  is  stisprndrd  in 
the  link-*  of  the  parallel  motion,  gg  are  the  iwo  pi-*toft« 
and  rods  above  alluded   to,  which,  when  connected  with 
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tlie  cross  bars,  ee,  move  together,  producing  what  f  call 
one  stroke  with  two  pistons.  A  is  a  cock  and  funnel  for 
conveying  grease  through  the  casing  and  the  cylinder  to 
the  bottom  piston  close  to  the  partition  6.  t  is  a  cock  at 
the  bottom  of  the  casing,  to  let  out  in  the  usual  manner  the 
condensed  steam  from  between  the  casing  and  cylinder,  k 
uthc  ?ock  and  pipe  to  convey  steam  from  the  steam  pipe 
into  the  casing  of  the  cylinder ;  /  /  represent  two  passages 
which  are  cast  in  a  branch  proceeding  from  the  cylinder 
and  casing,  the  one  passage  communicating  above  the  par- 
tition b,  and  the  other  below,  to  convey  steam  in  and  out 
from  under  the  top  and  above  the  bottom  piston,  m  is  a 
passage  to  convey  steam  from  under  the  slide  valve  into 
the  condenser,  which  is  cast  in  the  same  branch  in  the 
usual  way.  n  is  the  slide  valve  inclosed  in  the  steam  box, 
baring  the  steam  pipeo  connected  with  such  box.  The  slide 
or  other  valve  may  be  moved  in  any  of  the  known  methods 
employed  for  thai  purpose,** 

The  steam  being  admitted,  through  the  upper  passage /, 
into  the  upper  chamber  of  the  cylinder,  its  piston  is  thereby 
thrown  up,  and  the  vacuum  being  immediately  formed  in 
the  usual  way,  the  pressure  of  the  atmosphere  of  course 
operates  instantly  to  thrust  it  down  again,  whilst  at  the 
*fne  moment  a  corresponding  effect  is  being  pr(iduced  upon 
|hf  piston  in  the  lower  chamber,  by  the  steam  rushing  into 

through  the  lower  passage  /,  thus  co-operating  with  the 

nionpheric  pressure  from  above,  in  producing  what  the 
patentee  calls  "one  stroke  with  two  pistons."  A  vacuum 
^cin^  next  formed  in  the  lower  chamber,  the  atmospheric 
pressure  acts  upon  the  lower  piston,  while  the  steam, 
•pin  admitted  through  the  upper  passage  /,  assists  in  like 
KiaDiierin  throwing  up  both  piiitoiis  as  before,  and  thaa  by 
*"crnalely  allowing  the  sleiim  to  rush  through  the  two 
parages  II  in(o  the  upper  and  lower  chambers,  a  constant 
Uniform  motion  is  produced  and  kept  up. 

Theadvantn^s  stated  to  be  derived   from  this  engine 
Jje'ihal  by  ihe   united  application  of  the  force  of  steam 
the  boiler  on  one  piston,  and  the  pressure  of  the 

viiMphere  on  another,  a  greater  power  is  obtained,  tliaa 


U 


•imiiHnce,  ine  pfmiiiire  ox  tbe  atmosphrrc  to  tha| 
steam,  <ve  obtain  only  4  -f  I4i  =  l^i,  being  Ihc  sdj 
BUU  ill  boih  instances.  This  complicated  machine 
fore  answonf  no  other  end  than  that  of  incrraaing 
tiun,  and  uddine^  In  the  expense. 

Mr.  J.  C.  C.  Raddatz  obtained  a  patent  in  l^J 
invention  of  Dr.  Krnsi  Alhan,  a  physician  of  R 
lbegriin<l  duchy  of  Mecklenbur^h.    Thi^  latter 
eanie  to  England,  for  the  purpose  of  introducing  h 
li(»n,  which  consists,  like  Perkins's,  of  nn  uttrmpt  Co 
Iho  consumption  a;f  fuel,  by  increasing  the  pressu 
steam ;  but  Dr.  Alban's  apparatus  is  much  more  n 
ingenious. 

The  vessels  wherein  thesteam  is  immediately  ge 
are  of  a  very  narrow  compass,  and  mad«  of  tough 
OD  nhich   account  they  are   very   durable,  altho 
constructed  of  any  great  thickness.     They  consist 
of  amall  diameter,  which  arc  calculated  to  sustaia 
Hure  of  4  to  (RX^OIIk.  to  the  square  inch,  thus  rrnioT 
chance  or  possibility  of  their  bursting  ;  an  event, 
even  If  it  could   happen,  this  construction  would 
perfectly  harnileas.     These  generating  vessels  hni 
about  one  foot  of  steam  producing  surface  to  tho 
power,  and  in  order  that  tbe  generation  of  steam  i 
increased  to  such  a  degree  thut  the  intended  eflect 
produced,  and  in  order  at  the  same  time  to  withdrav 
from  the  destroying  influence  of  the  fire,  they  are 
within  a  medium,  consisting  of  an  easily  fusihly  me 
metallic  mixture,  such  as  tin  and  lead,  which  is  intrc 
into  a  tank  or  vessel  of  cast  iron,  and  exposed  ther 
tha  artion  of  the  (ire.     In  thenc  latter,  which   Dr. 
calls  bis  metal  vessels,  be  exposes  a  very  extended  5 
to  the  action  of  the  Hre^  niihout  infrinf^iig  ou  fpj 
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n*qiiiriiig  any   great  quantity  of  the  fusible   nietala    or 
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the  form 


mg  Ihetn,  as  may  be  easily  seen  by  reference  to  tne 
«nhe  metal  vessel)  lig.  2.  By  this  means  caloric  is  con- 
ducted in  larf(e  portions  to  the  medium,  which  being  a 
{Dod  conductor  of  heat  rapidly  imbibes  it,  and  funiis,  as 
it  were,  around  the  generator,  a  store  of  caloric,  which  it 
^ivpsont  so  equably  and  rapidly,  that  the  tubes,  with  but 
a  small  generating  surface,  collect  and  give  out  to  the 
witor  which  is  to  be  converted  into  steam,  as  much  caloric 
us  if  that  surface  bad  been  ten  times  the  size  upon  the 
ordinary  construction.  Both  the  metal  vc^tsels  and  the 
^fncrator  present  an  inconsiderable  surface  to  the  atmos- 
phrrc,  and  in  this  manner  the  inventor  hns  sought  to  pre- 
rentuny  condensation  in  the  generator  of  the  steam  already 
gpneraled,  as  well  as  to  prevent,  generally,  any  disadvan- 
tage resulting  from  the  radiation  of  caloric. 

The  wnler  is  conveyed  into  Dr.  Alban*'s  generator, 
only  in  the  quantity  required  to  produce  a  given  and 
fniitiniiing  effect.  For  this  purpose  the  forcing  pump, 
by  means  of  which  the  injections  are  supplied,  is  made  to 
i^ifwlBte  itself  in  such  a  mannei  that  it  either  moderates 
»'r  entirely  suspends  the  injection  of  water,  according  to 
thf  state  of  pressure  in  the  generator.  'The  steam  gene- 
filion  is  thus  entirely  independent  of  the  maniigenient  n/ 
tliffireby  the  stoker,  and  is  at  all  times  subservient  to  ihe 
wants  of  the  engine  to  which  this  apparatus  may  be  ap- 
plied. All  possible  danger  would  likewise  be  removed 
bi  this  means,  even  in  the  absence  of  any  safety  valve. 
When  il  is  required  to  stop  the  engine,  it  is  only  necessary 
lo  put  the  forcing  pump  out  of  action,  and  the  generation 
ofMeam  ceases  of  necessity. 

In  order  to  prevent  the  metallic  fusion  from  being  over- 

hp&ted,  in  cases  where  a  smaller  supply  of  steam  is  required, 

or  tvherc  a  suspension  of  steam  generation  lakes  place,  by 

fhe  stoppage  of  the  engine,  or  otherwise,  the  inventor  has 

arranged  a   heal  roijulator,  which  regnlales  the   intensity 

of  the  fire.     This  apparatus  indicates  the  degree  of  tem- 

pemttsre   of    the   fusion,    upon    which    solely    its    action 

depends^  and  the  generation  of  steam  in  the  generator  has 
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no  influence  whatever  upon  it;  the  rep^ulator  continain^ 
to  act  when  the  generation  of  ateam  h'An  ceaned,  on  which 
account  it  is  essentially  diflferent  from  any  heat  reg^ulator 
hitherto  used.  Its  application  i^  indispensable  to  this  ap-. 
parativ*-  in  order  to  prevent  so  great  a  heating  of  the 
generating  tubes  as  might  occasion  a  decomposition  of' 
the  water  injected  therein. 

The  very  great  saving  of  fuel  anticipated  from  this  in* 
vention  is  attempted  to  be  accounted  for,  partly  in  conse« 
quence  of  the  steam  being  produced  at  so  very  high  a 
pressure,  and  partly  by  the  circumstance,  that  the  metallic 
medium,  when  in  a  state  of  fusion,  is  one  of  the  best  cod-^ 
ductors  of  heat  in  nature,  receiving  and  collecting  the  heat 
within  itself  very  quickly,  and  without  loss,  and  thereafter 
giving  it  out  in  a  concentrated  form  to  the  generator.i 
Owing  to  the  constant  motion  kept  up  among  the  hotteri 
and  colder  parts  of  the  metallic  fusion,  as  in  the  case  of 
heated  water,  the  more  heated  portion  having  a  tendency  i 
to  ascend,  while  (he  cooler  part  descends,  the  caloric  is 
distributed  very  quickly  and  equably  through  the  whole 
body.  All  coiigealmciit  of  the  metallic  medium  is  avoided^i 
by  using  such  an  admixture  of  metals,  as  will  fuse  at  a 
temperature  lower  than  that  which  the  steam  receives 
within  the  generator.  In  ordinary  boilers,  the  heat  of  (be* 
-fire  acts  upon  a  bad  conductor  of  heat,  water,  and  upon  a 
proportionable  large  body  thereof;  the  parting  with  itSj 
heat  cannot,  therefore,  be  free  or  quick,  and  in  order  toi 
produce  any  powerful  effects,  it  is  necessary  to  expose  ai 
very  large  surface  of  the  boiler  to  the  action  of  the  Hre.     ' 

For  the  reasons  stated,  it  is,  however,  quite  otherwise 
with  this  new  apparatus  for  generating  steam,  and  the  sur- 
face exposed  to  (he  action  of  the  Bre  is  therefore  conside* 
rablylf^ss,  in  proportion  to  the  generation,  than  inordinary^ 
boilers.  The  rapid  generation  of  steam  by  this  method, 
if;  likewise  much  favoured  by  the  circumstance,  that  water 
is  itijccted  in  small  quantities  only,  and  is  distributed  on  i 
all  the  sides  of  the  generator.  i 

Figures  I,  2,  and  3,  are  representations  of  the  generating 
apparatus,  cor  Iructed  in    London,  under  the  superinten- 
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dance  of  the  inveDtor.  It  has  a  double  oielal 
two  generators;  fig.  1,  is  a  longitudinal  section  t 
<z  a  a,  is  the  cast-iron  oietat  vessel,  b  b  b,  the  nielalli 
ture.  Supported  upon  the  lid  or  cover  of  the 
vetisel,  in  the  strong  top  of  the  geuenitorcCf  coni 
cylindrical  chamber  oFtwo  inches  diameter;  dddd^ 
urought'iron  generating  tubes,  suspended  in  (he 
fusion  ;  they  arc  of  1^  inch  bore,  and  are  screwed  ib 
top  c  Cf  so  that  they  may  be  taken  out  ivhenever  ihi 
quire  cleaning,  e,  is  the  injection  pipe,  made  of  M 
through  which  the  water  is  conducted  into  the  geotbi 
tubes,  over  each  of  which  a  small  hole  is  perforates 
is  the  steam  pipe,  connected  with  the  engine  and  tbM 
valve.  J 

Fig.  2.  is  a  transverse  section  of  the  double  metal  m 
it  is  freely  suspended  in  the  furnace,  and  exposed^] 
its  four  sides  and  its  ends,  to  the  action  of  the  tire,  ac 
ull hough  it  is  but  4  feet  long,  li\  feet  high,  and,  incli 
the  space  between  each  vessel,  takes  up  only  9  inch 
width,  it  exposes  to  the  fire  a  surface  of  sixty  square 
aUf  is  the  double  metal  vessel ;  b b^  the  two  gene 
cc,  the  two  injection  tubes,  which  are  joined  togel 
ternally,  and  communicate  iu  one  pipe  to  the  forcin, 
This  pump  is  of  the  usual  construction,  furnished 
lever  and  weight,  which  are  raised  by  the  engine, 
any  of  the  known  nteans.     If  the  production  of 
the  generator  be  too  great  for  the  wants  of  the  engi 
pressure  in  the  steam  chamber  will  act  a^inst  thtt^ 
lion,  and  the  weight  will  be  insuRicient  to  force  do 
piston  of  the  pump,  which  will  thus  remain  inacti 
the  pressure  is  diminished,  by  the  ceasing  of  prod 
and  the  expenditure  of  the  engine. 

The  heat  regulator  consists  of  two  pipes  filled 
niospheric  air,  one  of  each  being  inserted  into  e 
\i-me!,  fig.  I.  ^,  and  surrounded  by  the  metullic   mi 
to  both   pipes,  very  narrow  tubes  are    fixed,  fig^.  1 
fig.  ?^,(,  which  are  joined  together  externally  into  o 
which  ooenti  iniiidA  the  mercurial  ci«tem.  fiv.  5%.  as  ji 
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Ube  &,  with  a  float  c  swimming^  on  the  top  of  the  mercun . 
This  float  is  connected,  by  means  of  the  rod  d^  with  the 
tever  e,  and  acts  by  the  rod/,  upon  the  damper  g,  which 
regulates  the  draught  of  the  fire  in  the  ash-hole.  When 
tW  air  in  the  pipes  6g,  1,  947,  becomes  heated  by  the  fu- 
sioOi  it  expands  progressively  as  this  becomes  hotter; 
preases  on  the  mercury  in  a,  fig.  3,  and  causes  it  to  ascend 
in  the  tube  6.  By  the  rising  of  the  mercury,  the  flout  c  h 
made  to  ascend  likewise,  and  acts  by  the  rod  d  on  the 
lever  e,  and  thereby  on  the  damper  r^,  so  that  should  the 
temperature  of  the  fusion  be  greater  than  is  required,  it 
gradually  closes  the  air  hole  h;  the  supply  of  air  to  the 
6re  is  thus  prevented,  and  the  heat  is  consequently  di- 
tuiiiisheH. 

Ofallthe  inventions  which  have  lately  excited  the  public 

ittention,  perhaps  no  one  has  been  more  the  subject  of  di-icus- 

lion,  than  the  apparatus  patented  in  1623,  and  again  (for 

inprovements)  in  1825,  by  Mr.  Samuel  Brown,  of  London, 

uid  called  a  gas  vacuum  engine.     This  engine  is  intended 

13  a  substitute  for  the  steam  engine,  and  is  actuated  by  the 

iaflammalion  of  hydrogen  gas,  in  a  vessel  containing-  a 

portion  of  atmospheric  air,  sufficient  for  the  combustion  of 

the  hydrogen.     The  oxygen  of  the  air,  (hen  combining 

•itb  the  hydrogen,  together  form  water,  which  of  course 

occupying  a  less  space   than  these  in  their  original  form, 

Imvc  in  the  vessel  a  partial  vacuum,  the  nitrogen  of  the 

lifiand  the  impurities  of  that  and  the  hydrogen  gas  only 

remaining.     This  vessel  is  made  to  communicate  with  the 

vorking  cylinder,  and  the  pressure  of  the  atmosphere  (hen 

icting  on   the   piston,  puts  it  in  motion,  which  motion  is 

continued  until  the  equilibrium  be  restored,  between  the 

iaterior  of  the  aforesaid   vessel   and  the  external  almo- 

iphere.     But  by  using  two  of  such  vessels,  and  repeating 

tbe  process  of  inSamniation  alternately  on  each^  so  that  one 

of  them  may   be  giving  motion  to  the  piston,  whilst   the 

f'ther  is  having  its  vacuum  restored,  the  working  porl  of 

tbe  engine  may  be  constantly  kept  up. 

The  principle  of  forming  a  vacuum  by  these  means,  has 
been  long  familiar  to  every  one;  the  following  simple  expe- 
riment being  one  which,  we  doubt  not,  each  of  our  readets 
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will  remember  to  have  heard  of^  when  a  child.  Tak# 
a  wine,  or  any  other  ^lass,  small  enou|^h  to  be  covered  oa 
the  top  by  the  palm  of  the  hand,  and  having  placed  a  tnall 
piece  of  lig^hted  paper  on  the  middle  of  the  pnim,  (takiii|( 
care  to  protect  the  hand  from  beini^  burnt,)  (hen  covertig 
the  burninjc  paper  with  the  mouth  of  the  ^lans,  by  pnaiiia| 
the  latter  against  the  hand,  a  partial  vacuum  is  inttaaft* 
formed,  (by  the  combustion  of  the  oxygen  of  the  air  in  ibf 
glas8,)  sufficient  not  only  to  prevent  the  glass  from  fallioi;, 
when  the  palm  of  the  hand  is  turned  downwards,  but  mteh 
as  to  require  some  little  force  to  remove  it  fVom  its  holL 
If  this  experiment  be  dexterously  performed,  it  will  par 
baps  give  some  pain  to  a  delicate  hand,  from  the  grHl 
force  with  which  (he  pressure  of  the  atmosphere  praflO 
the  Hesh  into  the  glasH. 

Mr.  Brown*6  engine  is  a  modification  of  this  principle. 
and  will,  we  doubt  not,  be  fully  understood  by  the  folio* 
ing  description  :  — 

Inflammable  gas  iH  introduced  along  a  pipe  into  an  npM 
cylinder  or  vessel,  whilst  a  flame  placed  on  the  outside  o( 
but  near  to,  the  cylinder,  is  constantly  kept  bnrning,aDdit 
times  comes  in  contact  with  and  ignites  (he  gas  thrr^; 
the  cylinder  is  then  closed  air-tight,  and  the  flame  is  prt^ 
vented  from  communicating  with  the  gas  in   the  cyliAdcr. 
The  gas  continues  to  flow  into  the  cylinder  for  a  ahort 
space  of  time,  then  it  is  stopped  off;  during  that  tiiDt,it 
acts6y  its  combustion  upon  the  air  within  the  cylinder, asi 
^at  the  same  time  a  part  of  the  rarified  air  escapes  tbroufli 
one  or  more  valves, — and  thns  a  vacuum  is  effected.     TV 
vessel,  or  cylinder,  is  kept  cool  by  water.     Several  medhi- 
nical  means  may  be  contrived,  to  bring  the  above  coortN- 
natiou  into  use.  In  effecting  the  vacuum  with  inflamwabit 
gas,  and  on  the  same  principle  it  may  be  done  in  one,  twa, 
or  more  cylinders  or  vessels.     Having   a  vacuum  effected 
by   the   above  combination,  and  some   mechanical   coa- 
trivance,  powers  are  produced  by  its  application  to  laadii- 
nery  in  several  ways.    First,  water-wheels  may  be  tunwd: 
secondly,  water  may  be  raised ;   and,  thirdly,  pistons  wu} 
be  worked. 

'J'he  following  i:i  the  description  of  an  rnginrapplied  to 
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t  vater-wbeei. — The  two  cylinders  c  and  d  are  the  vessels 
is  which  the  vacuum  is  to  he  eifected  ;  from  these  descend 
the  pipes //ig  and  AJA  lekding  into  the  lower  cylinders 
XX,  from  which  the  water  rises  along^  thoae  pipes  to  fill 
(be  vacuum  cylindem  alternately.  The  water  thus  sup- 
plied, is  discharged  through  the  pipes  B  into  the  tank  or 
trough  X,  whence  it  falls  upon  the  overshot  water-wheel, 
and  by  the  rotatory  motion  thus  produced,  give?  power  to 
idcb  machinery  as  may  be  connected  to  it.  The  water 
ruM  from  the  wheel,  along  a  case  surrounding  the  lower 
half,  into  a  reservoir  i;,  from  which  the  lower  cylinders  xx 
&re  alternately  supplied. 

In  order  to  produce  the  vacuum,  the  necessary  quantity 
of  gas  is  supplied  to  the  cylinders  by  means  of  the  pipe 
kkk^  to  be  conveniently  attached  to  a  gasometer.  The  gas 
ilio  pa»e4  along  the  small  pipe  /  /,  (communicating  like- 
wise with  the  gasometer,)  and  being  lighted  at  both  ends 
of  thai  pipe,  is  constantly  burning  for  the  purpose  of 
igniting  the  gas  within  the  cylinders. 

The  water  in  the  reservoir  V  passing  down  one  of  the 
pipes  tv  into  one  of  the  lower  cylinders  j;,  causes  the  floaty 
ia  that  cylinder  to  rise,  and  pushing  up  the  rod  o,  raises  the 
end  fr  of  the  beam,  which  of  course  draws  up  with  it  the 
cap/,  and  forces  down  the  cap  e  of  the  other  cylinder  c. 

The  gas  being  admitted  along  the  pipe  k,  the  flame  from 
the  pipe  /  is  now  freely  communicated  to  the  gus  in  the 
cylinder  through  the  orifice,  by  the  opening  of  the  sliding 
valve  a,  which  is  raised  by  the  arm  r,  lilted  by  the  rod  o, 
by  Beans  of  the  beam. 

To  produce  the  intermitting  action  of  each  cylinder, 
fone  subordinate  machinery  is  put  in  operation,  by  chains 
Mil  rods  attached  to  a  glass  or  iron  vessel  p,  partly  filled 
viUl  mercury,  and,  turning  upon  a  pivot,  each  end  re- 
ceiTCa  its  movements  of  elevation  and  depression,  from  the 
rue  and  fall  of  the  projecting  arms  q^  by  the  action  of  the 
beMB  above ;  the  mercury  being  furnished  for  the  purpose 
of  reinitiating  the  supply  of  the  gas  into  the  cylinders,  and 
iIm  movenoent  of  the  slide  in  the  trough  v.  By  the  action 
tims  commuuicated,  the  water  from  the  reservoir  flows 
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down  the  pipe  w  into  the  vessel  Xy  and  produces  the  ele- 
vgiioii  of  the  float  y  and  (he  rod  n,  and  raises  the  cap  c  by 
the  ascent  of  the  beam  nt  a. 

The  motion  thus  caused  in  this  part  of  the  machinery^ 
operating  upon  its  duplicate  parts  oi^  the  other  uide,  of 
course  proddcea  by  its  action  a  corresponding  movenrtent; 
and  the  slider  in  the  trough  Vy  moved  by  the  action  of  the 
mercurial  tube  p,  being  removed  from  its  position,  allows 
the  water  to  fall  into  the  other  pipe  tt;,  and  as  it  ascends, 
•uffers  the  float  y  to  descend,  and  rising  into  the  main 
cylinder,  thus  lifts  again  the  l>eam  at  &,  and  its  connexions, 
ind  forces  down  the  cap  e  on  the  top  of  the  other  cylinder. 

After  the  vacuum  is  effected  in  the  cylinders,  the  air 
must  be  admitted,  to  allow  the  water  to  be  discharged  and 
the  caps  to  be  raised :  this  is  acconipHshed  by  means  of  a 
sliding  valve  in  the  air  pipe  m  m,  acted  upon  by  chains  / 1, 
attached  to  the  floats  in  the  reservoir;  and  as  motion  is 
given  to  them,  the  valve  is  made  to  slide  backwards  and 
forwards,  so  as  to  allow  of  the  free  admission  of  atmo- 
spheric air. 

Chains  uu,  with  suspended  weights,  open  the  cocks  in  the 
pipe  kky  and  produce  the  alternate  flow  of  the  gas,  and 
regulate  and  modify  its  supply. 

In  the  pipe9  gig  and  hj  h  are  clacks  to  prevent  the 
return  of  the  water,  when  the  air  is  admitted  into  the 
cylinders.* 

IVhen  pistons  are  worked,  the  vacuum  is  effected  (in  the 
oaoner  above  described)  under  the  piston,  which  is  then 
prcsed  down  by  the  weight  of  the  atmosphere,  and  as  an 
engine  of  that  description  is  worked  with  two  cylinders  and 
pistons,  the  vacuum  being  produced  in  each  cylinder,  alter- 
nately, the  fall  of  one  piston  raises  the  other,  and,  being  al- 
ternately pressed  down,  the  piston  rods  give  motion  to  the 
crank  and  fly  wheel.  The  air  is  admitted  through  large 
valves  in  the  piston,  and  through  orilices  in  tlte  cylinders. 
An  engine  may  be  worked  with  one  piston,  the  vacuum 
iHMUg  produced  in  two  cylinders  (as  in  the  water  engine). 


^\ 
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from  Mhich  a  pipe  communicates  with  a  third  cylinder,  in 
which  ihe  pisloii  works,  and  into  which  the  air  in  admitted 
aUenmlEfly  under  and  over  the  piston,  while  the  vacuum 
extends  to  its  opposite  sides*  By  this  contrivance  a  much 
greater  rapidity  of  motion  may  be  given  to  the  piston,  if 
required.  ^M 

The  ways  being  therefore  explained,  in  which,  by  liP 
pressure  of  the  air,  the  vacuum  produced  (and  continued) 
is  applied  to  useful  purposes,  Mr.  Brown  claims  to  be  ItM' 
inventor  of  the  combination  above  described  for  effecting 
a  vacuum,  however  much  it  may  be  varied  by  the  mechaxi* 
cal  means  with  which  it  may  be  used,  and  also  the  inven*! 
tor  of  applying  a  vacuum  produced  by  the  combustion  of 
inflammable  gan,  to  raising  water,  and  to  the  production  of 
motion  in  machinery  by  the  pressure  of  the  atmosphere. 

The  different  scientific  journals  were  much  divided,  as 
to  the  result  of  Mr.  Brown*B  experiments:  not  that  any 
one  questioned  the  effective  operation  of  an  engine  on  thit' 
principle,  such  having  been  clearly  established  by  actual 
construction,  soon  after  the  publication  of  the  scheme; 
the  question  simply  being,  whether  the  apparatus  could 
be  purchased  and  maintained,  at  a  less  or  at  a  greater  cost, 
than  the  steam  on  the  most  approved  construction.  It 
would  be  needless  to  repeat  the  various  inquiries  on  thi* 
subject,  nearly  all  of  them  having  been  merely  theoretical, 
and  some  of  them  written  by  persons  unable  to  calculate 
from  all  the  facts  of  the  case.  We  have  before  us  the  re- 
port of  a  committee,  appointed  by  the  shareholders  of  a 
company  called  the  *' Canal  Gas  Engine  Company,"  formed 
expressly  for  the  purpose  of  trying  on  a  large  scale,  and  if 
practicable,  of  bringing  into  general  use,  Mr.  Brown's  en* 
gine.  Mr.  Routh,a  director,  stated,  that  ^'  They  had  been 
appointed  to  ascertain  the  practicability  of  Mr.  Broim's 
engine,  for  the  application  of  gas  instead  of  steam,  to  the 
propulsion  of  vessels  either  on  canals  or  navigable  rivers. 
Two  experiments  had  been  made;  the  one  on  the  ist^ll 
January,  and  the  other  on  the  previous  day,  under  the  In* 
Hpoclion  of  the  committee.  The  gentlemen  who  were 
entrusted  to  examine  and  report  to  the  shareholders,  di^ 
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fered  greatly  in  ibeir  opinionn  derived  from  those  experi- 
meatB;  but  they  wore  now  ready  to  state  their  individual 
opiuions  on  the  subject,  which  was  certainly  one  of  great 
national  importance.  The  day  on  which  the  first  experi- 
ment wa-9  made,  beingextremely  boisterous,  was  particularly 
uafavourable  to  the  performance  of  the  experiment,  inas- 
much as  the  boat  itself  was  leaky,  and  the  machinery  defec- 
tive. The  boat  then  made  wavj  but  not  in  such  a  manner, 
as  to  give  a  highly  advantageous  opinion  of  the  powers  of 
the  engine.  In  the  second  experiment,  however,  it  was  in 
R  more  perfect  state.  The  boat,  which  was  started  from 
Blackfriars  Bridge,  went  at  the  rate  of  from  seven  to 
eight  miles  per  hour,  with  all  the  regularity  of  steam 
boats;  the  paddles  moved  as  regularly;  and  it  appeared 
tbe  power  of  the  engine  might  be  sustained  for  any  length 
uftime  by  gas,  as  well  as  by  steam.  It  was  the  opinion  of 
BMNTt  persoas  present,  that  the  engine  answered  every  pur- 
poie  expected  of  it ;  and  he  owned  that,  us  far  as  power 
««nt,  il  was  his  own  opinion;  but  he  considered  that  tbe 
upense  of  procuring  gas  would  entirely  prevent  its  appli- 
tation  as  a  prime  mover,  instead  of  steam. — It  was  said 
tbat  gas  could  be  readily  and  cheapl)  procured  by  the  de* 
tomposition  of  water.  We  understood  the  chairman  to 
express  himself  of  opinion,  that  this  proposition  had  not 
been  yet  made  out.  He  was  decidedly  of  opinion  that  the 
company  ought  to  be  dit^solved.  In  fact,  it  was  impossible 
tbat  it  could  go  on.  The  sum  of  rather  more  than  £5000 
had  been  subscribed.  £100U  had  been  given  to  Mr. 
Brown,  for  the  share  of  his  patent  right  in  the  invention  ; 
£1000  more  had  been  paid  for  constructing  an  engine, 
ander  his  superintendance,  for  the  application  of  his 
principle,  which  had  failed.  £1700  was  locked  up  in 
tb«  hands  of  their  bankers.  Sir  John  Perring  and  Co.; 
then  £300  was  paid  for  a  boat,  and  the  renminlng  avail- 
able funds  were  otherwise  absorbed.  The  company  could 
Dot,  therefore,  proceed  without  another  call,  which  could 
Dot  of  course  be  made,  or,  if  made,  attended  to." 

On  the  other  hand,  it  was  staled  by  Mr.  Brown,  "that 
Ihe  experiment  had  succeeded  to  the  full  extent  cuntem- 
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plated  by  himself  and  friends.     On  the  first  time  of 
experiment,  the  engine  itself  was  not  got  inln  an\  state  ol 
completeness,  until  the   midnight   preceding  the   murnlag 
of  (rial,  and  the  boat  was  accidentaUy  run  on  shore,  ana 
stove  in  her  side.     They  had  to  make  the  experiment  on  ■ 
boisterous  day,  and  before  this  accident  was  repaired,  I 
paddle-wheel  was  found  to  bQ   too  small,  and  deficieat 
power.     A  second  experiment  was  made  on  the  river, 
fore  the  Lords  of  the  Admiralty  and  a  number  of  Kcieati 
men,  and  the  result  was  such  as  to  confirm  their  mindbi 
favour  of  its  eligibility*     Me  would  state   further,  that  i 
would,  without  doubt,  be  adopted."*     He  did  nol^  bo 
ever,  shew  by  figures,  or  any  other  calculation,  that  gai 
could  be  obtained   at  such  a  cost,  as  to  allow  n  fair  com« 
petition  with  the  steam  engine;  and  we  are  therefore  in< 
clined  to  give  full  credit  to  the  statements  of  the  chairnuui 
and  ilircctors,  namely,  ^^  that  (he  expense  of  procnnng  fm 
would  tritirthj  supersede  its  application  a$  a  prime  movtt^ 
instead  of  steamy 

Previously  to  the  year  ]$23,  carbonic  acid  had  never 
exhibited  but  in  the  gaseous  or  aeriform  stale,  and  it 
a  commonly  received  opinion,  that  no  degree  of  preaMHl 
nor  of  cold  would  came  it  to  assume  a  more  concenlntc^ 
form  ;  in  the  early  part  of  that  year,  however,  Mr.  Faraibf 
of  the  Royal  Society,  under  the  direction  of  its  then  illH»' 
trious  president.  Sir  li.  Davy,  succeeded  in  reducing  it  (Si 
welj  as  several  other  gases)  into  a  liquid  state,  by  the 
inechnnical  pressure  of  a  condensing  pump. 

This  li<|uid,  at  the  temperature  of  freezing  water, is 
its  endeavour  to  assume  the  aeriform  state,  exerts  an  ex* 
paninive  force  equal  toSO  atmospheres  ;  at  ordinary  te•lp^ 
rutures,  a  force  of  from  40  to  00  atmospheres  ;  and  onabflt 
of  only  1*20'  Fah.  being  applied,  the  force  is  increased  U> 
90  atmospheres  ;  the  pressure  increasing  in  a  similar  ratio 
for  higher  degrees  of  heat ;  in  other  words,  at  the  rate  »( 
about  II  or  12  pounds  increased  pressure  upon  the  inc^ 
for  every  single  additional  degree  of  heat. 

•  Public  Ledger. 
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We  may  easily  conceive  ihat  to  construct  an  apparatus  by 
which  a  power  so  immense,  and  apparently  so  economical^ 
might  be  rendered  available,  like  the  steam  cng^ine,  as  a  first 
mover  to    all  kinds   of  machinery,  has   occupied  the  at- 
teatioii  and  study  of  many  of  the  most  scientific  and  clever 
Ben,  not  only  of  this,  but  of  every  country  in  the  civilised 
world;  since  it  cannot  be  doubted  that  the  paperof  Sir  H. 
Davy,  '*  0/1  the  application  of  liquids  formed  by  the  con' 
dtMtaiion  of  gases  <u  mechanical  aytntu^*''  has  been   pub* 
lisbrd  every  where,  and   translated   into  the   language  of 
ever)  country   where  mechanics  are  studied  as  a  science. 
Nearly  foor  years  have  intervened  since  the  publication  of 
(be  important   facta   detailed   in    the    paper   alluded   to, 
durinf^  which  period,  not  only  individual    talent,  but  the 
abilities  of  one  of  our  (ir:jt  chenMsts  have  been  united  with 
ibose  of  one  of  our  most  eminent  engineers,  for  the  accom* 
plishment  of  this  great  desideratmiK     In  thi!i  honourable 
tpirit  of  rivalry,  the  talents  of  iMr.  M.  I.  Brunei  have  been 
employed,  and  he  has  so  far  sati^^fied  himself  of  the  advan- 
ta^n  arising  from  such  an  apparatus,  as  to  have  procured 
a  patent  for  an  engine  on  this  principle. 

It  is  proper  that  we  should  here  remark,  that  the  patent 
right  for  Mr.  BrunePs  appai*atus  is  not  limited  to  the  em- 
ployment of  carbonic  acid,  but  that  it  extends  to  all  liquids 
which  are  the  result  of  the  condensation  of  the  gases.  The 
preference  being  however  given  to  the  former,  we  may 
perhaps  infer  that  the  engine  we  have  to  describe,  is  bet- 
ter adapted  to  the  peculiar  properties  of  carbonic  acid  gas, 
than  to  those  of  the  othei^.  Carbonic  acid  gas  may  be  ob- 
tained by  decomposing  any  of  the  carbonates  by  the  action 
of  the  common  acids.     The  mode  of  obtaining  the  liquid 
from  the  gas,  is  by  forming  the  gas  under  a  gasometer, 
nd  condensing  it  afterwards  in  another  vessel,  by  means 
erf  a  condensing  pump,  and  continuing  the  operation  until 
It  passes  to  (he  liquid  state. 

The  apparatus,  as  shewn  at  fig.  2,  consists  of  five  dis- 
tinct c>lii»drical  vessels;  the  two  exterior  ves-iels  a  and  b 
contain  the  carbonic  acid  reduced  to  the  liquid  form,  and 
are  called  the  receivers;  from  these  it  passes  into  (he  two 
12.  2  M 
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adjoining  vessels  c  and  d,  termed  expansion  vessels;  these 
last,  having  tubes  of  communication  with  the  working 
cylinder  e,  the  piston  therein  (shewn  by  dotsi)  is  operated 
upon  by  the  alternate  expansion  and  condensation  of  the 
^5,  jiving  motion  to  the  rod/,  and  consequently  to  what- 
erer  machinery  may  be  attached  thereto. 

A9  the  working  cylinder  £  is  of  the  usual  constructioHy 
no  farther  description  of  that  part  of  the  apparatus  is  ne- 
cessary; and  as  the  two  vessels  on  one  side  of  the  cylinder 
are  precisely  similnr  to  those  on  the  other,  a  description 
of  the  receiver  a,  and  the  expansion  vessel  c,  will  apply  to 
tbeir  counterparts  b  and  d;  the  two  former,  (a  and  c)  are 
therefore  g-iven  in  a  separate  figure,  (1)  on  a  larger  scale, 
in  section,  that  their  construction  may  be  seen,  and  their 
ration  better  understood.  The  same  letters  of  reference 
ignate  the  like  purts  in  both  figures. 
he  communication  of  the  condensing  pump  (before 
tinned)  with   the  receiver  a,  is  through  the   orifice^, 
h  can  be  stopped  at  pleasure  by  the  plug  or  stop-cock 
L  When  the  receiver  has  been  charged   with  the   liquid 
and  closed,  a  pipe  i  is  applied^  and  connected  to  the  ex- 
pansion vessel  f,  Hi  k,     II  is  a  lining^  of  wood  (mahogany) 
or  other  non-conductor  of  heat,  to  prevent  the  absorption 
which  would   otherwise  be  occasioned,  by  the  thick  8ub» 
Dtance  of  the  metal.     The  expansion  vessel  is  connected, 
throogh  a  pipe  m,  to  the  working  cylinder  e;  these  vessels 
ceotain  oil,  or  any  other  suitable  fluid,  shewn  at  n,  as  a 
ii»edium  between  the  gas  and  the  piston. 

The  receiver  is  a  strong  gun-raetal  vessel,  of  consider- 
able thickness,  in  the  interior  of  which  are  placed  several 
Itbin  copper  tubes,  as  represented  at  ooo;  the  joints  of 
Aese  tubes,  through  the  top  and  bottom  of  the  receiver, 
are  made  perfectly  tight  by  packing.  The  use  of  these 
<ttbes  is  to  apply,  alternately,  heat  and  cold  to  the  liquid 
eont&iaed  in  the  receiver,  without  altering  very  sensibly 
Ihe  temperature  of  the  cylinder.  The  operation  of  heat- 
.Iii)5  and  cooling  through  the  thin  tubes  ooo,ma>  be  effected 
uithwarm  water,  s»eam,  or  any  other  heating  medium; 
and  cold  water,  or  any  other  cooling  medium.     For  this 
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purpose,  the  (ubcs  ooo  are  united  by  a  chamber  and  cock 
pp,  by  the  opciiing  of  which,  with  the  pipenoo,  hot  %mt 
cold  water  may  alternately  be  lot  in  and  forced  (Urou^b| 
by  means  of  pumps,  the  cocks  being  worked  in  a  timilur 
manner  to  thoee  in  steam  engines. 

Now,  if  hot  water,  say  at  ]'20",  be  let  in  through  tlMT 
lubes  of  the  receiver  <i,  and  cold  water  at  the  same  time 
through  the  receiver  6,  the  liquid  in  the  fir«t  receiver  irill 
operate  with  a  force  of  about  90  atmoKpheres,  while  th« 
liquid  in  the  receiver  b  will  only  exert  ii  force  of  10  or 50 
atmospheres.  The  ditference  between  tbexe  two  prcoMircf  ^ 
will  therefore  be  the  acting  power,  which  thruugh  tb« 
medium  of  the  oil,  will  operate  upon  the  ptAlon  iu  the 
working  cylinder.  It  is  e^^sy  to  comprehend  that,  by  let* 
tin£^  hot  water  through  the  receiver  6,  and  cold  wafer 
through  the  opposite  one  a,  a  re-action  will  take  plact, 
which  wi|l  produce  in  the  working  cylinder  r,  an  all4*nutt 
movement  of  the  piston,  applicable,  by  the  rody,  to  varioo* 
mechanical  purposes,  as  may  be  required. 

Mr.  Brunei  has  not  yet  constructed  an  engine  oa  tUi 
principle,  so  (hat  its  utilily  has  ne\er  been  put  to  the  taft 
of  experiment.  ThedreadfuUv  fatal  effects  which  have  beM 
produced  by  iuhuliug  carbonic  acid  gas,  arc  too  well 
known  ;  and  it  is  to  be  feared  that  no  working  machiw 
could  be  constructed,  but  wlkat,  with  Kuch  an  interwl 
preiiaurc,  mu^t  be  subject  to  considerable  leakage^  and  con* 
aequeutty  every  such  engine  must  endanger  every  person  who 
approaches  it ;  for  such  are  the  instantaneous  elfixts  pr«* 
duced  by  this  gas,  that  instances  have  been  known  wherv 
it  has  pro\ud  fatal  three  seconds  after  inhalation. 

We  hpvc  mentioned,  more  than  once  in  the  connmti 
thia  work,  that  metallic  pistons  have  been  considered  «• 
very  useful  substitute  for  those  which  ar*  packed  witb 
kempor  cotton.  We  have  already  given,  at  pagc76yK 
dem^ription  of  one  invented  by  Mr.  Carl  w  right,  wfaichftf 
we  olMerved,  is  continued  to  be  usid  to  tlii«  day.  Wfl  at 
MOW  about  to  describe  that  of  Mr.  Barton,  pateotrd  in 
1K|K,  uiid  explained  aH  follows. 
The  aime^ed  tigure  gives  a  borixonlal  section  of  Mr. 
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Barton's   piston.       ii   u  composted   of 

three  segments  a  a  a,  forming  together 

a  circle;  Iheyare  made  either  of  brass, 

or  cast  steel,  hardened  and   tempered. 

Tbne  segments  are  preserved  in  their 

places  by  three  triani^ular  metal  wedges 

bbb^  which  act  equally  upon  them  by 

tlie  pressure  of  the  three  strong  helical  springs  ccc  vrork* 

ingover  three  steel  pins  (not  shewn).    When  (he  segments 

Wcone  worn^  the  wedges  are  protruded  forward   by  the 

fimeof  the  springs,  and  fill  up  the  space  they  would  other* 

»isp  leave  unoccupied;  by  which  a  perfectly  close  contact  is 

uniformly  preserved  for  a  very  considerable  period  of  time. 

On  the  exterior  or  periphery  of  the  circle  formed  by  the 
i^ents  and  wedges,  three  grooves  are  made  all  round; 
tk  upper  and  lower  are  to  contain  two  metal  rings  with 
■  deft  across  each,  which  just  fit  flush  into  them;  these 
ttrre  to  keep  the  several  parts  together,  so  as  to  prevent 
any  displacement  in  putting  in  or  taking  out  the  piston 
from  the  cylinder.  The  middle  groove  is  for  the  purpose 
of  holding  grease  or  oil,  to  lubricate  the  piston  and 
t)  Under. 

Mr.  Barton  has  succeeded  in  bringing  this  kind  of  pis- 
lun  into  use  somewhat  extensively,  and  has  obtained  the 
'Mificates  of  several  respectable  persons,  as  to  its  eiFec- 
liTeness  and  utility:  from  among  these,  we  quote  the 
lalhority  of  Messrs.  Thornhill  and  Morley,  of  New  Bond 
Street,  who  state,  that  previously  to  the  adoption  of  Mr. 
Btrlon's  piston,  they  required  tbe  steam  to  be  raised  in 
Ibe boiler,  to  the  pressure  of  73  lbs.  on  the  inch;  but  that 
littct!  that  time,  their  engine  can  do  more  work  with  the 
iteamat  43lb».  only ;  and  that  during  three  years  they  had 
Bota  single  sfoppage,  as  it  contiitued  perfectly  tight. 

The  objection  which  is  urged  against  this  piston  is,  that 
the  wedges  bb  by  advancing  forward  as  they  become  wora^ 
quicker  than  the  segmentf  aaa^  there  will  be  a  tendency 
10  them  to  cut  grooves  tn  the  cylinder,  by  their  points 
(constantly  working  up  and  down,  or  that  if  they  should 
•«l  produce  this  effect,  then  they  will  be  prevented  (by 
1^  resistance  of  the  cylinder)  from  forcing;  out  the  scg* 
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mcntsso  aslokrepthcm  tight  against  theftides, and  ihrrri 
prevent  the  steam  from  escaping  past  thern.  It  in  also 
tentled,  that  as  the  segments  are  worn  aHay,  they  will 
tit  closely  to  the  circle  of  the  cylinder,  because  the  curvA* 
ture  of  a  small  circle  never  can  be  in  contact  \»ith  that  oi 
u  larger,  excepting  in  one  point.  In  reply  lu  the^e  objec* 
liona  the  inventor  appeals  tu  (ho  actual  experiment,  Mid 
certainly  it  appears  that  practice  has  not  warranted  thc« 
conclusions;  it  being  found,  that  those  points  which  in 
mofit  forcibly  pressed  against  the  cylinder,  ar.e  the  ■oooaj  ^ 
worn  away,  and  therefore  that  the  points  of  the  wcdgvi^fl^H 
those  parl!i  of  the  segments,  which  are  most  forcibly  presJIP 
agninst  the  cylinder,  are  sooner  remo%-ed  by  thifi  self-c«r* 
recting  process;  so  that  the  whole  is  kept  pcrft  ctly  Ctfco* 
lar,  and  in  cloie  contact  with  the  cylinder. 

A  pnlrnt  was  also  obtained  by  Mr.  William  Je«sop,of 
Kutterley,  Derbyshire,  for  a  metallic  piston,  which  ii 
formed  only  of  one  piece,  of  a  spiral  figure,  ai  below. 


The  piston  is  first  to  be  bound  round  with  hempn 
packing,  aa  a  bed  for  the  metallic  portion,  and  to  prevMl 
the  escape  of  the  steam.  The  spiral  spring  in  placed  b»> 
twei'U  the  upper  and  lower  plates  of  th^  piston,  through 
which  screw  bolts  are  passed,  and  by  turning  the  nnttf 
the  plates  are  brought  nearer  to  one  another,  and  lh> 
metallic  coils  are  thereby  pressed  closely  together.  Thn 
restrained  above  and  below,  the  metallic  coil  is  to  expand 
and  contract  laterally  a^rainst  the  sides  of  the  cylinder,  wnd 
while  it  shall  effectually  prevent  the  escape  of  lb«  slMB^ 
to  press  with  the  requisite  force,  uniformly,  so  as  to  pra* 
duce  very  little  friction. 

On  this  plan  it  may  be  said,  that  though  the  method  ci 
lightening  the  packing  as  il  wears,  is  siiuplo  and  eas^r,  «•( 
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i(  docs  not  obviate  one  of  the  objections  against  hempen 
psckiDG^.  namely,  the  danger  that  a  careless,  or  even  an 
experienced  workman,  may  screw  it  down  so  ti>;;hl,  as  that 
nearly  all  the  power  of  the  engine  will  be  absorbed  by 
^ving  motion  to  the  piston.  Though  perhaps  this  will 
appear  a  matter  of  trifling  importance,  as  it  will  be  an- 
fwered,  that  such  a  fault  can  be  easily  corrected,  yet  it  is 
(bund,  that  many  engine-men  are  extremely  careless  on 
these  matters,  so  that  it  is  desirable,  if  possible,  to  have 
Ibe  piston  of  such  a  construction,  as  to  be  entirely  out  of 
their  power.  However,  in  the  hands  of  an  ingenious  and 
attentive  engine-roan,  these  pistons  are  found  to  be  very 
lueful  and  economical. 

Agreat  variety  of  forms  have  been  given  to  the  metallic 
piston:  generally,  however,  they  partake,  in  some  degree) 
of  the  principles  of  those  described. 

A  patent  was  obtained,  in  1S23,  for  a  Rtitative  Engine, 
b) Messrs.  Beningfield  and  Bealo,  of  London,  tviiicli  re- 
sembled in  principle  those  of  Messrs.  Carlwright,  iMulaiii, 
Roiitledge,  and  Chapman.  It  differs,  however,  from  most 
oflhpse  in  some  points,  namely,  that  its  external  cylinder 
ff^volves,  whilst  the  interior  one  is  stationary,  and  the  mo- 
tion is  communicated  to  the  machinery  by  a  spur  wheel  on 
lh« cylinder  working  into  another  spur  wheel  on  the  shaft. 
The  interna  I  arrangementsof  the  engine  approach  ihenear- 
^lo  Chapman's,  of  any  of  I  he  above  engines,  the  difference 
teinp  that  the  leaves  or  valves  are  fixed  to  the  exterior 
c>linder,  and  the  piston  or  steam  stop  to  the  interior  cy- 
liiHier.  There  are  many  ingenious  contrivances  for  the 
Wnaple  working  crt'the  diflTerent  parts,  and  for  keeping  the 
i^hole  apparatus  steam-tight  without  mtich  friction;  and 
jiidging  from  the  small  engine  which  we  have  frequently 
*fen  in  operation,  and  which  has  been  working  for  nearly 
Ihrce  years  at  the  manufactory  of  BeningKeld  and  Co.  we 
^fc  inclined  to  judge  more  favourably  of  this  rotative 
^^ne  than  any  we  have  yet  noticed.  On  a  small  scale, 
there  is  no  doubt  of  its  utility,  and  we  can  sec  n-j  reason 
"hya  large  engine  should  not  be  found  effective. 

explain  Walter  Foreman,  of  Daih,  obtained  a  patent, 
11^  1824,  for  a  rotative  engine,  m  liicli  is  (hue  debcribed. 


FaniwMAft  •    EWQINB* 

FiK.  I.  in  a  side  view  uf  tbe  uleaoi-ivbe^l,  with  tlie  c 
removed,  lu  slioiv  tbc  siiuaiioii   uiid  cuiwtruiriiun  uf  i 
vnlves,  and  their  niude  of  action  iu  (liu  :tteain-Mii\.     a  a 
tbe steam-wheeJ,  revolving  upon  itsuxiftA*     cdt/gh 
six  flap  vaivea,  liavia^  steaiu-light  joiiiU,  «ud  tixed  luiii 
blocks  on  the  periphery  of  tbe  »team  wheel;  thrc«  ul* 
valves  are  shown  open,  and  three  closed,     i  its  a  lixodfti 
for  arresting  the  course  of  tbe  steam;  it  is  cotupoi^^d 
an  upper  and  lower  piece,  accurately  tilting   the  side* 
the  chamber,  and  connected   together  by  means  of  »cj'C 
boltfl,  so  contrived  as  to  admit  of  an  easy  udjubtmeut  wbe^ 
the  lower  curved  surface  may  become  worn,  by  tbc  friction 
of  the   periphery   of  the  steam-wheel   in  iu  revolutioiu 
o  1:1  the  anti-friction  roller,  tixed  to  a  springing  curved 
arm,  and  screwed  to  the  stop  i. 

Fig.  2.  is  a  vertical  section  of  tig.  ].,  through  the 
a  a  the  steam  wheel,  6  the  axis,  9  A  two  valves,  b>  whicbirv 
seen  their  tapering  figure,  and  the  conical  form  of  tiM 
casing  which  encloses  them;  thi*  lower  valve  is  showa 
closing  the  steam-wuv^  and  the  upper  one  aa  leaving  il 
open.  It  will  now  be  perceived  that  the  valves  from 
peculiar  shape  do  nut,  u  hen  moving  backwards  or  fttf^ 
wards,  even  touch  thosidc^of  the  casing;  conscf|uenlly,all 
friction  in  those  parts  is  obviated;  (he  doited  lines  in  tba 
upper  valvo  are  intended  to  illustrate  this  observation 
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IS  they  describe  the  connie  of  the  extreme  edge  of  the 
TaJre,  when  in  the  act  of  opening-  or  shutting  the  steam* 
Fay. 

The  mode  of  operation  with  this  enj^ine  is  as  follows  : — 
Steam  is  admitted  by  the  ivihejy  which  immediately  fills 
Bp  the  space  between  the  stop  i  and  the  vaUe  c,  and  the 
latter  yielding  to  the  expansive  force  of  the  vapour,  gives 
motion  to  the  wheel  a  a;  wheu,  in  the  revolution,  the 
valve  h  takes  the  place  of  c,  the  flap  of  h  (swinging  upon 
its  joints)  falls  by  its  gravity  into  the  same  position;  the 
iteam  then  acts  against  it  in  like  manner  as  r,  and  succes- 
Mvely  the  valves  g  /e  d  in  rotation,  as  fast  as  the  wheel 
revolves,  the  steam  finally  escaping  at  the  pipe  k;  the 
friction-roller  o  pressing  down  each  flap,  as  they  pass 
uoder  its  operation,  against  the  periphery  of  the  steam- 
wheel. 

The  only  novelty  in  this  engine  is  the  form  of  the  valves, 
which  are  not  rectangular,  like  those  of  other  rotative 
engines  on  a  similar  principle,  but  taper  outwards.  The 
reason  of  their  being  of  this  form  is,  that  there  may  be  no 
triclioQ  from  their  sides  rubbing  against  the  lids  of  the 
cylinder,  except  when  they  are  opened  out,  as  at  c  dt: 
and  further,  that  as  they  become  worn  it  is  calculated  they 
villHti'll  continue  tight,  because  all  the  three  bearing  sides 
till,  by  being  a  little  further  opened,  press  upon  the 
Kveral  surfaces  over  which  they  pass,  and  so  continue  to 
be  steam-tight.  Though,  perhaps,  a  valve  of  this  form, 
iding  in  a  circular  channel  of  the  shape  here  given,  may 
ponliiiue  steam-light  for  a  great  length  of  time,  yet  it  un- 
fortoaately  happens  that  a  leakage  is  produced  in  another 
**y  by  the  wearing  of  these  valves,  as  great,  if  not  greater, 
iHan  could  have  been  by  the  wearing  of  rectangular  valves. 
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These  valves  must,  in  order  to  pass  under  the  ^teani* 
stop,  fall  into  recesse«)  in  the  interior  cylinder,  of  the  form 
of  fig.  I,  and  if  very  accurately  fitted  to  the  sides  of  the 
recess  (a  very  difficult  operation)  may  at  first  be  tolerably 
steam-tight;  but  by  the  continued  wearing  of  the  three 
working  sides  of  the  valve,  a  6,  6  c,  and  <f  «,  against  ibr 
cylinder  and  lids,  the  valve  then  will   became   loo  Rtnall    n 
for  the  recess,  and  appear  when  shut  as  in   fig.  2.     Now, 
supposing  the  slop,  t,  to  be  represented  by  the  dotted  lines^ 
it  will   be  evident  that  whilst  the  stop  and   valve  are  as  | 
there  shown,  the  steam  can  freely  enter  the  opening  be—  ' 
tween  the  valve  and  the  sides  of  the  recess,  and  escape?' 
through   that  opening  (say   from  a  to  b).     Therefore,  a<»i 
there  is  at  all  times  one  or  other  of  these  valves  under  th^ 
fiteam-stop,  the  leakage  of  course  will  be  constant,  and  irt 
a  short  time  so  great  as  to  render  the  engine  quite  ineffec-^ 
tive  and   iiscle^.     Of  the  great  friction  we  say   nothin^-aj 
having  already    treated  of  it,  when  speaking  of  the  en  -^ 
gincs  which  nearly  resemble  this  in  all   the  points  exce|>4 
the  variation  here  described.  " 

A  patent  was  obtained  in  1825,  by  Mr.  Joseph  Evc^ 
(late  of  the  United  States,  but  now  of  Liverpool,)  for  ^ 
Rotatory  Engine,  the  following  description  of  which  w«? 
extract  from  his  specification. 

Fig.  1.  presents  an  end  section;    fig.  2.  a  longitudina/ 
section  of  the  said  engine,  on  the  simplest  manner  of  con* 
struction.     The  same  letters  refer  to  similar  parts  in  all  I 
the  figures.  i 

"  a  a,  are  the  cylinder  and  cone,  revolving  in  contact  in 
opposite  directions,  the  cone  having  one  groove,  and  being  h 
one  third  of  the  diameter  of  the  cylinder,  which  latter  hw  i 
three  wings  or  pistons  c  c  c,  the  ends  of  which,  as  they  ,| 
revolve,  touch  the  outer  case  e,  and  do  not  adroit  any  steam  | 
to  pass.  The  steam  is  admitted  through  the  pipe  y,  and  l| 
acting  on  the  wing  c,  causes  the  cylinder  to  revolve  until 
the  said  wing  passes  the  pipe  g,  when  the  volume  of  steam 
lodged  between  each  two  wings,  is  allowed  to  escape. 
The  wing,  which  has  thus  passed,  falls  into  the  grooved 
of  the  cone,  the  bottom  of  which  groove  it  touches  in 
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passing,  thus  allowing  no  otcam  (o  escape  between.  THe 
said  wing  c  then  passes  again  by  the  steam  pipe/,  and  b 
acted  upon  as  before  described,  and  so  on  lo  rotalioa* 
The  cylinder  a,  which  is  firmly  fixed  to  its  axis  6,  reftsoa 
one  side  on  the  outer  case  €,  through  which  the  axis  pro-' 
Jects  ;  but  as  there  is  soaie  friction  produced  by  the  rrt»- 
lution  of  the  said  cylinder  at  its  two  enda  touching  the 
outer  case,  I  hare  placed  a  false  end  k  A,  under  the  opp<^ 
Hite  end  of  the  cylinder^  which  false  end  t^lides  on  the  axil 
b  freely,  and  has  a  thread  cut  at  the  end,by  means  of  which, 
and  the  adjusting  nut  r,  the  cylinder,  if  wuru  at  the  tvtti 
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CfidsyCan  beeasilj  tighleoed  and  adjusted.  The  adjusting 
nut  is  confined  by  the  collar  ky  which  collar  is  screwed  to 
the  outer  case.  The  conical  shape  of  the  small  runner, 
vkicli  can  likewiHe  be  moved  upwards  or  downwards  in 
Ibe  outer  case,  serves  to  keep  the  two  convex  surfaces  of 
the  cylinder  and  cone  in  contact. 

**  The  groove  </.  in  the  conical  runner,  is  cut  into  a  sepa- 
rate piece  of  metal,  which  slides  by  an  adjusting;  screw 
•  up  and  down;  so  that  when  the  engine  is  adjusted,  the 
groove  dy  on  the  piece  of  metal,  into  which  the  said  groove 
ucut,  can  be  moved  up  and  down,  so  as  to  fit  the  wings  of 
4he  cylinder. 

"  Letters  R  n,  in  fig'2,  represent  two  cog-wheels  running 
into  each  other,  attached  on  the  outside  of  the  engine  to 
the  axis  of  the  c)linder  and  cone,  placed  there  for  the 
purpose  of  producing  a  corresponding  revolution  of  the 
>aid cylinder  and  cone,  thus  causing  the  groove  of  the  cone 
to  present  itself  regularly  to  the  wings  of  the  cylinder; 
0  is  a  pinion  fixed  to  the  other  end  of  the  axis,  by  means 
of  which  any  machinery  can  be  put  into  motion. 

^' Aaother  variety  of  constituting  a  steam  engine  on  this 

pnDciple  b  shown  by  an  end  section  vieiv  in  fig.  5,  and  an 

external  view  in  fig.  6.     This  engine  has  a  cylinder  with 

two  small  conical  runners  on  each  side,  the  said  conical 

runners  being  of  the  same  construction  as  before  described, 

I  with  one  groove  cut  into  each,  and  being  one  third  of  the 

I  diameter  of  the  cylinder.     There  are  two  induction  and 

two  eduction  steam  pipes,  and,  although   the  engine  may 

'Uj  ivith  the  exception  of  the  addition  of  one  of  the  conical 

ruDoers,  exactly  of  the  same  size  as  the  one  first  described, 

|t  double  quantity  of  steam   is  requisite,  and  twice  the 

power  of  the  former  engine  is  gained :  the  steam  enters 

through  the  pipe  /a,  and  acts  on  the  wing  c,  which  after 

Jliring  passed  pipe  g  o,  where  the  steam  escapes,  falls  into 

|Jie  groove  d  of  the  lower  cone,  and  appearing  at  the  in> 

iuction  steam  pipe/b,  is  loaded  again  with  steam  pressure, 

finch  it  discharges  at  the  second  eduction  pipe  g  o,  and 

^en  enters  the  groove  of  the  upper  cone,  which  having 

^•ed,   it   is  loaded   again   at  the  first-mentioned  iuduc- 

•apipe. 
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*^  Letters  m  m  are  bridges,  by  which  the  ttpindles  oo  %%h 
bbbare  supported.  This  cnj^ino  ha:^  three  co^*wbMb 
n/tn  uKuched  lo  the  three  spindles,  so  us  to  caiMe  tU 
cylinder  and  cones  to  revolve  in  unison,  and,  like  the  fine 
described  engine^  a  pinion  o  on  the  opposite  end  of  ilk 
axis  of  the  cylinder.  Fi;;.  7,  shows  an  end  section  ;  fi^.  9, 
a  longitudinal  section  ;  and  fig.  9,  the  exterior. 

**The  (wo  conical  runneix  in  this  engine  are  of  an  rquat 
length  and  diameter,  each  has  two  wing:^  or  pistons  atlvcbrd, 
and  two  grooves  cut  into  it,  and  in  revolving  in  opponlt 
directions,  the  wing  of  one  runner  falls  alternately  iolo  tW 
groove  of  the  other.  The  stonin  enters  by  pipe /,  and  M 
the  cylinders  are  running  in  contact^  it  cannot  escape  b^ 
tween  them,  hut  acH  upon  the  two  wing^  in  opposite  di* 
rections,  and  escapes  at  the  eduction  pipe  </,  after  the  mi 
wings  have  passed  the  same.  0)  reference  to  fig.  8,  wkieb 
represents  a  longitudinal  section,  it  will  be  seen  that  ifct 
two  cones  have  each  two  false  endsp//,  sliding  frreW  ot 
their  spindles;  the  two  outer  cases  ee  di  over  the  runaen 
and  their  wings  exactly,  each  of  the  four  false  ends  bain 
adjusting  nut,  by  which  the  engine  u  tightened,  if  Mcaa 
should  escape,  or  slackened,  if  it  should  run  too  (igkL 
Each  pair  of  the  false  ends,  where  they  join,  have  a  plalf 
that  connects  them  and  breaks  their  joints,  so  as  lo  prewcal 
an  escape  of  steam  ;  this  plate  p  slides  into  the  groorer, 
cut  out  of  the  false  ends,  as  exhibited  by  fig.  3,  and  fij?.  4, 
the  former  shewing  an  end  view  of  the  false  ends  with  tbe 
connecting  plate  in  the  middle.  On  these  false  ends  pack- 
ing rings,  gg  g^  which  arc  confined  to  the  sliding  plale  m 
exhibited  in  the  latter  figure,  are  placed.  These  rings  praM 
against  the  hollow  outer  cases,  and  prevent  any  steas 
escapipg  by  them.  These  packing  rings  are  shown  in  sec- 
tion, in  fig  8.  It  will  be  evident  that  the  false  cnd«  avti 
not  be  made  true,  if  the  connecting  plates  and  packinf 
rings,  as  above  described,  be  adopted,  and  (hat  the  eogia^ 
if  provided  with  moveable  false  ends,  conical  runtierft,«aA 
the  afore-desrribed  connecting  pla(e«;,  and  packing  riajp 
attached,  as  shown  in  fig  8,  can  always  be  kepi  Mea*' 
light,  and  by  u<ie  the  various  parts,  on  which  there  is  aaj 
friction,  will  tit  b^ttar. 
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This  engine  approaches  nearest  to  Mr.  Flint*B,  described 
at  pa^e  IK},  and  i^  of  course  liable  to  the  same  objections. 

A  paierit  was  obtained  in  1826^  by  Louis  Joseph  Marie, 
Mtrquis  de  Combis,  for  an  improved  Rotary  Engine, 
ibe  principle  of  which  is  as  folloirs  : — 

"  A  pillion  is  made  to  circulate  within  a  vertical  hollow 
ring,  by  steam  admitted  alternately  at  two  opposite  points 
of  the  diameter  of  the  latter,  and  discharged  through  per- 
forations in  the  central  boss  of  the  piston,  and  in  its  tubu- 
lar axis ;  which  hollow  ring  is  separated  into  two  equal 
portions,  by  sliding  valves,  that  pass  across  its  cavity  on 
to  the  axle,  at  its  different  sides,  and  which  are  withdrawn 
luccessively  as  the  piston  approaches  to  them,  and  are  in- 
stantly replaced  as  soon  as  it  has  passed. 

"The  form  of  the  case  that  contains  the  hollow  ring 
nay  be  conceived  by  supposing  a  flat  cylinder  with  its 
angles  rounded  off,  from  which,  rectangular  pieces  project 
at  opposite  sides  of  its  diameter,  to  contain  the  sliding 
valres-  This  case  is  divided  into  two  equal  portions,  by 
asection  through  the  middle  of  the  axis  of  its  cylinder,  and 
at  right  angles  to  it,  each  of  which  portions  is  agoin  divi- 
Minto  two  equal  parts  by  another  section,  that  passes  in 
tbe  plane  of  the  axis,  and  through  the  midst  of  the  valve 
receptacles;  the  four  pieces,  thus  formed  by  the  two 
Kdions,  are  united  by  screw  bolts  and  nuts,  passed 
through  flanches  cast  on  them  for  their  reception.  A  per- 
forstion  is  mode  through  the  middle  of  the  cylinder,  in  the 
li^  of  its  axis,  whose  diameter  is  between  three  and  four 
tiaies  greater  than  that  of  the  revolving  axle  of  the  en- 
fine  that  passes  through  its  centre;  and  at  equal  distances 
from  it,  all  round  close  to  the  sides  of  the  cylinder,  is 
formed  the  annular  cavity,  or  hollow  ring,  in  which  the 
piston  moves. 

"The  axle  of  the  engine  projects  a  considerable  distance 
beyond  the  cylinder  at  each  side,  to  allow  space  on  it  suf- 
£cient  for  the  reception  of  the  main  wheel  (by  which  it 
giVen  motion  to  the  machines  with  which  it  is  connected,) 
iw  the  fly-wheel,  and  for  the  parts  that  inipol  the  apparu- 
,  which  works  tbe  sliding  valves  of  the  hollow  ring,  and 
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those  of  ihesteaiu  box  which  coinniunicates  with  the  oppo* 
site  Bides  of  its  diameter.  In  the  middle  of  this  axle  i-it 
bon^  or  enlars^ed  part,  of  the  full  diameter  of  the  perfo- 
ration of  the  cylinder,  but  only  of  the  thickness  which  a 
found  necessary  for  an  arm,  that  posses  from  it  to  the  pistoo 
at  right  angles  to  the  axle,  whose  breadth  regulates  iu 
size  :  and  for  the  revolution  of  which,  along  with  the  pit- 
ton,  a  circular  cavity  is  left  between  the  two  lateral  diw- 
sions  of  the  cylinder. 

"To  make  the  cavities  steam-tight  at  each  side  of  the 
bogs  round  the  axle,  there  is  first  a  layer  of  hemp  packing 
put  in  close  to  it  at  each  side  ;  secondly,  a  cyliiuirical  pi«ce 
Li  placed  over  that,  round  the  axle,  which  closely  filU  vp 
the  whole  central  perforation  through  the  cylindrical  part 
of  the  case,  in  the  external  portion  of  which  piece  a  hol- 
low cone  is  formed,  with  its  apex  next  the  boss,  from  tkr 
top  of  which,  ears  project  at  each  side,  through  which 
screws  pass  that  draw  it  towards  the  case,  and  thereby 
compress  the  packing  between  it  and  the  boRs;  and,  thirdly 
a  conical  piece,  perforated  to  receive  the  axle  in  its  centra 
and  ground  so  as  to  fit  the  conical  cavity  truly,  is  plao^ 
over  the  hole,  and  connected  by  sliding  side-pieces  to  Iht 
axle  so  as  to  turn  along  with  it;  while  from  other  pieces 
also  attached  to  the  axle,  screws  parallel  to  it  project  so 
as  to  press  it  towards  the  centre. 

*^  The  piston  (which  is  called  a  sole,  by  the  patentee)  a 
made  steam*tight  by  two  layers  of  metallic  packing,  (exh 
formed  of  three  segments  of  a  circle  equal   to  it,  having 
three  triangular  pieces  pressed   into  the  angular  caviti«f>, 
formed  at  their  points  of  junction  by  helical   springs  Xhai 
proceed  from   the  centre,)  \vho-;e  principal  pieces  are  w 
arranged,  that  the  joinings  in  one  layer  are  covered  by  the 
middle  parts  of  those  in  the  other  layer  ;    and  the  sli4iii^ 
valves  that  pass  across  the  case   horizontally  through  the 
hollow  ring  to  the  axle  arc  made  steam-tight  at  the  sidfli, 
by  fitting  closely  to  the  parts  of  the  case  through  which 
they  pass,  and  next  the  axle  by  a  metallic  packing  prescd 
towards  the   latter  by  springs ;  and  as  it  is  expedient  thtft 
these  valves  should  be  thin,  that  the  piston  nay  psM  iht 
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ca\iues  through  which  they  slide,  %vith  more  facility,  to 
give  them  at  the  same  iimesufhcient  strength,  ribs  are  tixed 
to  their  faces  in  the  direction  oi  their  motion,  for  which 
there  are  corresponding  grooves  formed  in  the  projections 
of  the  case,  into  which  they  are  received  ;  which  projections 
extend  sufficiently  to  enclose  them  at  every  side,  only 
being  perforated  opposite  the  middle  line  of  the  slides,  to 
allow  of  the  passage  of  rods,  that  proceed  from  them 
through  stuffing  boxes,  similar  to  piston  rods,  by  which 
rods  they  receive  their  motion. 

**  To  cottnect  the  umin  wheel  with  the  axle,  two  circu- 
lar discs  are  fixed  to  the  latter,  so  that  one  of  them  may 
ha  pressed  toward  the  other,  by  screws  from  other  parts 
proceeding  from  the  axle ;  and  the  main  wheei  being 
placed  between  these  discs,  with  its  centre  on  the  axie,  is 
10 compressed  between  them,  that  it  revolves  with  theni, 
so  long  as  the  resistance  of  the  work  to  which  it  is  applieu 
is  less  than  that  caused  by  the  pressure  or  friction  or  tne 
discs  ;  but  should  the  former  become  the  greatest,  from  tny 
accidental  obstruction,  the  discn  will  pass  round  withoi,t 
moving  the  main  wheel  ;  by  which  means  the  destruction 
of  material  purts  of  machinery  will  be  prevented,  whic6 
night  otherwise  he  liable  to  occur. 

*^  To  one  of  these  discsjustmentioned,a  flat-toothed  plate 
is  attached,  whose  shape  and  teeth  correspond  with  those 
of  two  eccentric  spiral-toothed  cams,  one  of  which  is  placed 
at  each  side  of  it,  and  from  which  connecting  bars  proceed 
two  crank  pieces,  which  by  these  cams  move  forward  and 
retract  the  sliding  valves  of  the  hollow  ring,  at  the  proper 
periods;  at  the  parts  of  these  cams  that  are  farthest  from 
their  centres,  the  teeth  are  serrated,  but  at  those  which  are 
more  centrical,  and  where  they  approximate  to  the  foim 
of  circles,  the  teeth  are  similar  to  those  in  common  use. 

"  The  steam  passes  from  the  boiler,  that  is  not  described, 
bjf  a  tube  furnished  with  a  cock,  (by  which  the  passage 
cftEi  be  diminished  as  desired,)  to  a  steam  receptacle  of  a 
Mini-annular  form,  and  of  about  the  same  size  as  the  hol- 
low ring,  which  is  placed  parallel  to  this  latter.  F^rom 
1^  2o 


le  opposite  ends  of  this  receptacle,  tubes  pass  to  tbc  hol- 
low ring  close  to  (he  sJidiug  valves;  in  which  tubes,  where 
they  proceed  from  the  receptacle,  are  fixed  other  sliding 
valves,  called  cocks,  by  the  patentee,  which  arc  moved  by  m 
system  of  crank  levers  and  connecting  bar^,  something 
similar  to  that  used  for  the  valves  of  common  steam  en- 
gines, which  receive  their  primary  impulses  from  armj 
attached  to  the  axle  of  the  steam  engine  in  such  a  manner, 
that  Ihc  times  and  degree  of  their  impulses  may  be  varied 
so  af;  to  diminish  or  increase  the  quantity  of  the  steam 
admitted  to  the  engine^  by  a  little  apparatus  fixed  to  the 
axle,  which  could  not  be  well  explained  without  a 
drawing. 

*^  These  valves  of  the  steam  tuben,  and  the  larger  slides 
of  the  hollow  ring,  arc  moved  so,  by  the  means  described^ 
ihat  assoon  as  the  piston  passes  one  of  the  latter  and  it- 
becomes  closed,  the  steam  tube,  that  enters  the  hoUo^v 
riiiji;  close  to  this  slider  and  between  it  and  Ihc  piston,  i-^ 
opened,  and  the  tube  at  the  opposite  side  becomes  closed^ 
which  latter,  in  its  turn,  becomes  opened,  as  soon  as  ih^ 
piston  has  passed  it  and  the  slide  at  the  side  close  ad" 
joining. 

"The  steam,  after  passing   out   from  the  hollow  rin^ 
through  the  perforation  in  the  boss  and  the  tubular  pa.n--' 
sage   in   the  axle  before-mentioned,  enters  a  condensin;^ 
bressel,  where   the  greatest  part  of  it   is  condensed  into 
water,  and  through  a  spiral  tube   or  worm   in  the   vessel* 
runs  from  thence  by  a  pipe  into  a  closed  reservoir,  whicb 
communicates  with  the  bottom  of  Ihepnmp  that  supplies  the 
boiler;  to  which  pump  also  another  pipe  rises  from    the? 
cold  water  well,  which  being  below  the  level  of  the  reser- 
voir^  the   water  only  asccnd-i   from  it,  when  the   latter  Is 
empty  ;  and  when  the  boiler  is  sufficiently  full,  the  pipe 
of  supply  is  closed  by  the   rising  of  a   balanced   floating^ 
weight.      This  pump  is  worked   by  a   revolving    crank, 
that  communicates  with  the  main  axle,  and  which  (urns  >'» 
a  horizontal  »lot,  in  a  piece  attached  to  the  (op  of  its  pis- 
ton rod. 
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'*  An  open  oil  vessel  is  placed  at  the  top  of  the  hollow 
ring,  from  which  a  pipe  passes  into  it,  that  is  closed  by  a 
cock  made  to  turn  round  very  slonly  by  a  pinion  attached 
to  it,  in  which  another  pinion  works,  wliose  axis  extends 
tuoneof  the  discs  on  the  main  axle,  where  a  wheel  is 
fastened  to  it,  into  which  a  pin  projecting  from  the  disc 
strikes,  once  in  each  revolution  of  the  latter,  and  moves  it 
forwards  the  extent  of  a  single  tooth.*** 

This  engine  comes  nearest,  in  its  principle,  to  that 
patented  by  Mr.  Joseph  Turner,  in  181G,  the  form  of  the 
sliders  and  piston,  together  with  some  of  the  interior  ar- 
raugenients,  being  nearly  similar.  Some  of  the  improve- 
meots  are  very  ingenious,  and,  on  the  whole,  perhaps, 
lliere  is  less  liability  to  waste  of  steam  :  but  we  fear,  that 
the  great  objection  to  many  rotary  engines,  namely,  the 
striking  of  the  sliders,  will  remain  here  in  full  force. 

We  now  come  to  describe  the  rotary,  for  which  the 
inventor  obtained  n  patent  in  December,  1826. 

Figure  1  represents  an  elevation  of  the  exterior  of  this 
rotary  engine.  Fig.  2  represents  an  end  view.  Fig.  3 
represents  a  section  of  fig.  2.  Fig.  4  a  section  of  fig.  1.  a  a, 
fi^.  1,  3,  and  4,  is  the  cylinder,  being  accurately  bored 
ia  the  same  manner  as  the  cylinder  of  other  steam  engines, 
excepting  that  at  the  two  ends  there  is  a  rebate.  The 
flanges  are  also  turned  rectangularly  to  the  cylindric 
ptrt,  so  as  to  be  quite  sntooth  and  true  on  their  faces. 
The  lids  or  caps  b  bj  arc  turned  on  their  flanges  also  ;  they 
are  then  turned  flat  from  c  to/.  At/they  project  inwards, 
and  Form  the  cylindric  bosses  dd^  (also  turned,)  until  they 
Qcarl)'  meet  each  other  in  the  interior  of  the  cylinder. 
leaving  only  a  space  of  about  two  inches  in  large  engines, 
and  a  proportionably  less  one  in  smaller  engines.  The 
turned  flanges  of  the  lids  being  ground  against  the  turned 

flanges  of  the  cylinder,  form  a  steam-tight  joining,  which  is 

i&adc  additionally  secure  by  the  corner  or  angle  of  the  lid 
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bfting  at  the  same  lime  ground  agalnsl  the  rehutc  in  (IMJ 
cylinder.  On  opposite  sides  of  the  cylinder,  Hg.  3,  ibcrsj 
are  t«ro  apertures  cut  quite  through,  of  t^n  equal  bre«dtkJ 
■od  extending  the  lenglhway  of  the  cylinder  parallel  t« 
the  axis,  and  of  such  a  length  as  to  reach  about  thretl 
quartern  of  on  inch  over  the  flat  part«  c/,  of  the  lidib] 
(■rooves  of  a  corresponding  breadth,  andd-4ths  of  an  iockj 
deep,  are  cut  in  the  lid*;  from  r  to/,  in  a  direct  line  tff 
the  axis.  Similar  grooves,//,  are  cut  in  the  bosses  parallel! 
to  the  axiB.  These  arc  about  an  inch  deep,  and  of 
same  breadth  as  the  former.  The  diniensions 
grooves  will  be  varied^  to  suit  the  sixe  of  the 


,  and  of  tb« 
3ns  uf  tbesi 
engine.     1^ 
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H  apparent  that  a  section   from  y  to  z,  fi^.  2,  will  pass 


through  the  centre  of  all  these  grooves. 


The  slideis, 


9  9^ 


Up. Sand  4,  are  two  plates  of  metal,  faced  with  a  thin 
feeing  of  brass  or  gun-metal  ;  they  are  of  such  a  thickness 
IS  to  move  freely  in  their  respective  grooves,  of  such  a 
length  as  to  extend  from  the  bottom  of  the  grooves  in  each 
tid,  and  of  such  a  breadth  as  to  reach  from  the  outside  of 
the  cylinder  to  nearly  the  bottom  of  the  groove//.  The 
purpose  of  these  grooves  is  to  form  a  bearance  for  the 
HJiilers,  which  being  made  smooth  and  flat,  and  afterwards 
ground  into  their  places  in  the  grooves,  become  steam 
ti|lit  in  every  V^^^j  excepting  at  the  space  left  between 
iHebo»e9.  Now  there  is  a  central  plate,  x,  (fig.  3  and  4), 
which  !9  attached  to,  and  revolves  with  the  axis  ee»  This 
pUteiaofa  thickness  suflicient  to  occupy  the  space  be- 
tween the  bosses,  and  \s  kept  steam  tight  by  the  circular 
tings  i  1  and  22.  (placed  in  recesses  turned  in  the  bosses) 
pressing  upon  each  side  of  the  plate  x.  Underneath  each 
plate  is  introduced  a  quantity  of  hempen  or  cotton  pack- 
ing, which  answers  the  doubie  purpose  of  preventing  the 
escape  of  the  steam  between  (he  ring  and  its  recess,  and 
that  the  elasticity  of  the  packing,  by  keeping  the  ring 
pressed  upon  the  plate,  prevents  an  escape  in  that  di- 
rection. 

To  make  the  sliders  and  the  central  plate  form  a  steam- 
ti^ht  union,  small  piecesof  brass  are  screwed  to  the  sliders, 
and  thereby  allow  them  to  be  brought  into  contact  with 
the  edge  of  the  plate  x,  without  permitting  any  part  of  the 
sliders  to  touch  the  bottom  of  the  grooves,//.  At  oppo- 
site points  of  the  plate  x,  there  ia  a  small  portion  of  the 
circle  cut  away,  (see  F,  fig.  3)  ;  the  purpose  of  which  is, 
that  the  sliders  may  be  moved  into  (heir  places  without 
noise,  for  that  is  produced  by  the  striking  of  two  sub- 
staneca  together,  and  these  sliders  cannot  strike  against 
(ke  bottom  of  the  grooves,  nor  yet,  from  the  external  cam, 
against  the  periphory  of  the  plate. 

The  boxes  or  cases,  i  t,  1,  '2, 3  and  4,  are  for  the  recep- 
lioii  of  the  sliders^  when  they  are  withdrawn  from  tlie 


■pindle  passes  through  the  ends  of  each  fork,  upon  which 
fun  Ihrec  friction  sheaves,  the  larger  ones,  o,  iig.  I,  beinjj 
placed  between  the  forks,  and  thi^  smaller  ones  p p,  on  the 
ends  of  the  spindle.  They  are  not  fixed  to  the  spindle, 
ind  therefore  may  revolve  separately  and  independently 
of  each  other. 

The  piston  consists  of  four  pieces  of  brass,  or  gun  metal, 
ofabout  2{  inches  in  thickness,  filed,  or  otherwise  made 
pfffectly  smooth,  and  uniformly  thick.  Each  piece  is  in 
tb  form   of  the  letter  L,  in  the  interior  of  the  piston; 


^ 
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nnd  the  spiral  springs,  acting  against  an  ubutmont,  fortt 
Ihem  outwards.  Two  plates  of  metal,  having  a  facing  of 
equal  breadth  to  the  brass,  are  laid  on  each  surface  of  tfct 
brass  pieces,  nnd  pressed  on  them  by  means  of  the  bras 
bolts  passing  through  the  whole  of  the  piston.  These 
plates  and  the  brass  pieces  being  previously  ground  to- 
gether, prevent  the  steam  from  escaping  between  ihetn; 
and,  as  nn  additional  security,  there  are  senii-circular 
grooves  cast  in  the  metal  plates,  into  which  hemp  orcuttoo 
is  stuffed,  and  by  pressing  on  the  brass  prevents  the  pooi- 
bility  of  an  escape,  except  at  the  points  of  union  betwcrn 
the  brass  pieces.  In  order  to  make  these  parts  tight  alio, 
(tmall  overlap  pieces  are  sunk  into  the  brasc,  about  one* 
fourth  of  an  inch,  and  as  the  piston  wears  away  and  widffsi 
the  openings  between  the  pieces,  these  still  continue  to 
cover  them.  Those  parts  of  the  brass,  which  are  against 
the  arm  of  the  piston,  are  let  into  recesses,  and  hemp  or 
cotton  is  placed  underneath  them,  which  prevents  tMcapf 
in  that  direction.  This  is  called  a  compound  cumpetw- 
ting  piston  :  it  possesses  the  property  of  being  more  tigkt 
than  metallic  pistons  arc  generally,  by  the  using  of  l)Otii 
hempen  and  metallic  packing,  and  also  being  equally  frfc 
and  not  liable  to  be  jammed,  when  heated;  this  littfr 
qualification  arises  from  making  the  bolts,  which  boldllif 
plates  together,  of  the  same  material  us  the  wearing  pirl. 
by  which  means  the  distance  between  the  plates,  wbr* 
heated,  is  as  much  increased  by  the  expansion  ofthcboltt 
as  the  intervening  pieces  are  expanded;  conscquenlh^  tbry 
cannot  be  bound  or  jammed  in  their  places,  under  vnj 
variation  of  temperature. 

There  arc  four  valves  in  this, engine;  two  of  (hetnarv 
placed  in  each  lid.  They  consist  of  circular  brass  platM, 
the  bottom  ones  being  cemented  or  otherwise  Fastened  inU 
a  recess  in  the  end  cast  for  them  ;  the  upper  plate  n  iKes 
placed  above,  and  both  being  previously  grnund  togelh«'rt 
the  steam  cannot  enter  the  cylinder,  but  through  then; 
that  is  to  say,  when  the  holes  in  each  plate  are  placed  ovfff 
each  other,  the  valve  is  open,  and  when  otherwise  shirt'  A 
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plate  covers  the  recesses  in  which  the  vaUes  work,  and 
may  either  be  cast  with  (he  ends,  or  afterwards  bolted  and 
cemented  to  them ;  the  i^paces  between  the  lids  and  the 
plates  form  circular  chambers;  and  have  each  three 
openings;  two  circular  ones,  large  enough  to  get  readily 
to  the  valves,  and  a  rectangular  one,  to  which  a  steam 
pipe  is  attached.  Bonnets  cover  the  circular  holes,  which 
are  thicker  in  their  centres,  having  a  cylindric  holu  large 
enough  to  admit  smaller  bonnets  OO,  lig.  4,  to  be  placed 
therein.  Spindles,  previously  keyed  to  the  moving  plate 
of  the  valves,  arc  brought  through  OO  to  the  exterior 
ofthe  lids.  These  valves  and  the  spindle  are  kept  steam- 
tight  by  the  screws  of  OO  beinn;  turned  a  little  round, 
which  presses  the  bonnets,  OO,  in  the  first  instance,  upon 
the  enlarged  part  of  the  spindle,  (shown  ut  fig.  4,)  and 
also  upon  the  face  ofthe  fixed  valve  plate.  Small  cranks, 
88,  fig.  2,  are  attached  to  the  outer  ends  of  the  valve 
spindles,  which  are  connected  to  the  gear,  99.  Upon  this 
gear  are  fixed  two  friction  sheaves,  which  being  acted 
upon  b)'  the  cam  01,  at  proper  periods,  the  cranks,  and 
consequently  the  valves,  are  alternately  moved  to  and  fro 
by  the  revolution  of  the  axis,  ee:  one  of  them  opening 
when  the  other  is  closing,  and  vice  versa. 

33j  figs.  1  and  2,  are  two  cams,  one  half  of  which 
(namely,  from  4  to  5)  is  concentric  with  the  axis,  and 
the  other  pari  is  the  eccentric  or  cam  part,  by  whicli  the 
sliders  are  moved-  The  motion  is  produced  by  the  eccen- 
tric part  acting  on  the  sheaves,  o  o,  fig.  2,  and  moving 
them  to  and  from  the  axis.  The  smaller  sheaves,  pp,  run 
between  guides,  (see  the  dotted  lines,  fig,  72,)  which  pre- 
serve a  vertical  motion  to  the  rods  nn. 

The  holes,  through  which  the  steam  escapes,  and  is  ad- 
mitted, are  placed  as  near  the  slider  as  they  can  bo  brought, 
and  are  shown,  for  the  purpose  of  illustration,  as  being  all 
in  one  lid,  at  fig.  3,  though,  as  has  been  previously  stated, 
there  are  two  in  each  lid.  The  effect,  however,  would  be 
the  same  were  they  as  represented  in  fig.  3,  and  therefore 
kbb  mode  of  explanation  will  be  as  clearly  understood. 

la.  2  p 


A  pipe  U  brought  round,  as  at  A,  fig.  2,  into  a  ateaiD* 
chest|  By  fig.  l^and  2,  in  which  latter  is  a  common  slide 
valve.  Into  this  steam-chest  the  steam  is  brought  frotf 
the  boiler  by  the  pipe  C,  and  escapes  into  the  atmo- 
sphere or  condenser  by  the  pipe  D.  This  slide  valve,  and 
the  apparatus  connected  with  it,  arc  for  the  purpose  of 
reversing  the  motion  of  the  engine. 

In  order  to  put  this  engine  in  operation,  steam  is  ad- 
mitted into  the  steam-chest  D,  when  the  slide  valve  u 
placed  in  such  a  position  as  to  allow  the  steam  to  enter 
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in  d(  one  end,  and  escape  at  the  other;  .or  in  other  words, 
when  the  valves ')  and  7,  fig.  3,  are  the  induction  valves, 
and  14  and  15  the  eduction  valves;  and  when  the  piston 
and  sliders  are  in  the  position  shown  at  fig.  4.     The  valve, 
14,  is  then  open,  and  communicates  with  the  atmosphere  or 
condeosei,  and  the  valve,  7,  with  the  boiler;  the  steam, 
llierefore,  entering  through  7,  rushes  against  the  piston 
and  (he  upper  slider,  which  becomes  the  abutment  against 
whicb  the  steam  exerts  its  force.     The  piston  recedes  from 
the  pressure  in  the  direction  of  the  arrow,  turning  with  it 
'Jie  central  plate  x,  the  axis,  e  £,  the  cams,  3,  3,  and  the 
valve  cams,  01,  01,     As   the  shaft  turns,  therefore,  the 
•■ani  3,  fig.  2,  revolves,  and  the  cam  or  eccentric  part  gra- 
dually leaves  the  lower  rods,  n  n,  and  presents  the  ccwi- 
r<^/nc  pari  to  the  sheaves  of  the  said  rods.   Now  the  lower 
^•^>«  heacT  being  pressed  upwards  by  the  counterbalance, 
^  gradually  ascends  into  the  cylinder,  so  that  when   ihc 
point  4,  is  in  contact  with  the  sheaves  of  the  lower  rods 
*  »*,  the  slider  has  then  reached  its  place  in  the  cylinder, 
^ing  nearly  in  contact  with  the  central  plate  F,  and  also 
'^pon  its  bearance  in  the  grooves  before-mentionedj  the 
piston  will   be  then  at  the  point  G  of  the  cylinder,  and 
**oth  the  sliders  shut,  the  two  valves,  7  and  14,  only  being 
^pen.     Now,  as  the  piston  continues  to  revolve,  the  cams 
^  3  are  gradually  opening  the   upper  slider,  and  the  cams 
^O  gradually  shutting  the  valve  14,  and  opening  the  valve 
^5;  so  that  when  the  piston  reaches  the  valve  15,  the 
^rnier  is  completely  shut,  and  the  latter  completely  open  ; 
^nd  when  the  piston  reaches  the  upper  slider,  it  is  com- 
t^letely  withdrawn  from  the  cylinder,  and   thereby  allows 
Xhe  piston  to  pass  it.     At  this  point,  the  steam  is  entering 
lhrough6,  and  escaping  through  15,  the  lower  slider  being 
then  the  abutment  upon  which  the  stean}  acts.     After  the 
{liston  has  passed  the  upper  slider,  the  cam  3  allows  the 
piston  gradually  to  return  to  its  place  in  the  cylinder,  and 
after  the  piston  has  passed  the  valve  6,  that  valve  begins 
gradually  to  open,  and  the  valve  7  to  close.     Therefore, 
when  the  piston  has  reached  the  pipe  H,  the  upper  slider 
ia  in  its  seal  in  llio  c>lindcr,  the  valves  7  and  14  are  quite 
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shut,  and  6  and  15  quite  open:  the  cam  4  then  begins  to 
give  motion  (o  the  lower  slider,  as  before  described,  and 
the  cams  10  to  the  valves,  so  that  a  constant  rotation  of 
the  axis  is  kept  up. 

To  reverse  the  motion  oF  this  engine,  the  sliding  valve 
in  the  steam-chest  is  moved  on  its  face,  so  that  the  valves  6 
and  7  become  theeduction  vajves, and  14  and  15  the  indue* 
tion  valves.  Supposing  the  piston  therefore  in  the  position 
shewn  in  fig- 3,  and  the  steam  previously  entering  through 
ii  and  7,  and  escaping  through  14,  it  will  be  seen  that  if  6 
and  7  become  the  escape  valves,  and  14  and  15,  the  in- 
dtuiion  valves,  the  steam  from  the  boiler  will  then  ruth 
through  J4,  and  press  upon  the  piston,  and  so  drive  it  in  a 
direction  contrary  to  the  arrow,  whilst  the  stenro,  b^for* 
actuating  the  engine,  escapes  through  6  and  7,  ^ich  beiof 
shut  and  opened  at  their  proper  time  by  the  cams  01,  keep 
up  the  rotation  in  the  opposite  direction. 

The  diHiculties  which  have  been  encountered  in  the 
construction  of  a  rotary  engine,  have  been  so  repeatedly 
enumerated  in  the  course  of  this  work,  that  it  would  be 
needless  to  repent  them.  It  will  be  remembered  that 
great  friction,  leakage,  and  the  difficulty  of  maintaining 
the  packing  steam-tight,  have  been  generally  found  tk$ 
great  obstacle  to  the  successful  adoption  of  such  enginei. 
It  is  calculated  that  these  objections  have  been  removed 
by  the  author*8  patent  engine.  The  friction  has  been  rr* 
duced  in  a  very  great  degree,  compared  to  that  of  iht 
reciprocating  engine,  the  greatest  being  caused  by  the  re- 
volution of  the  piston  and  shaft.  The  sliders  are  foiiod 
to  cause  scarcely  any  friction,  as  they  are  only  moved, 
when  they  are  surrounded  on  every  side  by  the  same  me- 
dium ;  and  as  the  grooves  are  sufficiently  wide,  to  allow 
them  to  move  without  rubbing  against  their  sidc^s.  the 
only  resistance  is  caused  by  the  rods  working  through  the 
ftuffin^  boxes.  The  valvc^s  also  have  the  advantage  o( 
bi-ing  only  in  motion,  when  they  are  surrounded  by  thf 
same  medium,  and  consequently  the  wear  and  friction  are 
reduced  considerably  betow  that  of  the  slide  of  a  commas 
engine,  which  is  only  moved  when  under  a  pressure  of  ttteao^ 
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The  leakage  is  found  to  be  considerably  less  than  the 
leakage   of' all  the  engines  on  this  principle  which  we 
have  hitherto  seen.     This  superiority  arises  from  the  use 
of  the  compound  packing  in  the  piston,  by  which  a  great 
defect  in  metallic  pistons  has  been  obviated.     This  defect 
Has  the  difficolty  of  making  the  metallic  pieces  which 
formed  the  packing,  of  an  equal  thickness,  and  of  bringing 
tbem  in  sufliciently  close  contact  with  the  plates  which 
enclose  them  :   for  it  will  be  seen,  that  unless  the  whole 
of  the  metallic  packing  were  of  a  uniform    thickness,    it 
would  not,  when  moved  out  of  the  situation  into  which  it 
Has  at  first  fitted,  6t  so  closely  to  the  covering  plate,  and 
consequently  a  leakage  would  take  place.      By  the  im- 
proved methud,  however,  it  is  not  necessary  that  the  pack- 
ing should  be  so  carefully  constructed,  because  the  elas- 
ticity of  the  hempen  packing  would  make  up  fur  any  little 
irregularity  in  the  metallic  part. 

The  sliders  are   found  also   to  be  much  less  liable  to 

leakage  than  the  abutment  of  other  rotary  engines.     This 

advantage  may  be  attributed  to  the  bearing  in  the  grooves 

being;  inaccessible  to  the  piston,  or  any  other  part  of  the 

machine,  except  the  sliders  themselves,  and  consequently 

(be  flat  surface  originally  given  to  them,  is  not  liable   to 

b« destroyed  by  wear,  which  is  the  case  with  those  engines 

Hhich  have  leaves  or  flaps,  or  even  where  there  arc  sliders 

ttiiicb  do  not  rest  entirely  in  grooves,  as  in  the  present  in- 

^lance.     It  is  found  also  that  these  sliders  do  not  wear  out 

of  form,  or  become  leaky;  because,  owing  to  their  vertical 

motion  and  the  width  of  the  grooves,  they  can   hardly  be 

ttkl  to  touch  the  sides  of  the  grooves  until  they  are  forced 

against  them  by  the  steam,  which  only  happens  when  they 

are  at  rest. 

Not  the  least  evil  with  which  the  makers  of  rotary  en-* 
ipnes  have  had  to  contend,  has  been  the  rapid  destruction 
of  those  parts  which  have  struck  each  other  Now  this  ia  ' 
a  fault  that  has  invariably  existed  in  nil  the  engines  with 
leaves  or  sliders.  It  is  however  here  completely  obviated 
by  the  mode  of  bringing  the  sliders  to  rest;  for.  instead  of 
allowing  iheni   to   strike   the   central   plate,   a   cavity  is 
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formed  therein  at  the  part  where  the  slider  would,  but  for 
that  cavity,  have  come  in  contact  with  it.  Tbe  aUdtf 
therefore  can  neither  touch  the  bottom  of  the  groovea  fa 
tbe  bosses,  nor  yet  the  central  plate;  the  external  caah 
work  preventing  it  from  reaching  so  far  into  the  cylinder. 
The  edge  of  the  plate  and  the  slider  are  brought  into  cob* 
tact  by  tbe  circular  part  of  the  former  gradually  intro- 
ducing itself  like  a  wedge  under  the  slider  after  it  b  at 
rest,  and  consequently  a  stroke  is  avoided. 

We  regret  to  state,   that  notwithstanding  tbe  adrat- 
iages   which   this   engine  was  expected  to  possess,  it  baf 
hitherto  proved  an  unfortunate  speculation.      An  engioc 
of  twelve  horse  power  was  constructed,  for  the  purpose 
of  working  a  steam  boat  on  the  river  Tyne,  which,  while 
it  was  in   operation,    promised    to   answer   all    the    pur* 
poses  anticipated  from  it.      That  engine  has  been  sinc« 
taken   out  of  the  boat,   and   an   engine,  on    tbe  .recipro* 
eating   principle    substituted    for    it.      This    was    dooe 
whilst  the  inventor   was  in  London,  and  he    has  every 
reason  to  believe   that  unfair  means   were   adopted    b) 
interested   parties  to   procure  its  removal.       True  it  'u^ 
that  almost  every  unfortunate  patentee  tells  his  story  of 
having  been  injured  by  malicious  workmen,  fickle  partners, 
or  exhausted  means  ;    and  it  is  equally   true,  that  maoj 
instances  have  occurred  in  which  meritorious  inventioin 
have  failed  from  those  causes.  We  however,  have  to  state, 
that  one  part  of  lhi«j  failure  was  attributable  to  imperfect 
workmanship,  which,  by  breakage,  occasioned  a  number  of 
unpleasant  and  tedious  delays,  and  another  part  to  a  ni»- 
fortune  which  all  experimentalists  should  a>oid  ;  namely, 
that  the  engine  was  put  into  a  boat  belonging  to  a  party 
who  had  no  interest  in  the  success  of  the  machine.  Thi*  roa- 
sequence  of   this  arrangement   was,   that  the   delay  and 
alterations  which  were  necessarily  attendant  ou  a  new  in* 
vention,  were  to  him  a  subject  of  serious  disappointment; 
and  therefore  there  is  strong   moral  evidence   to  suppow 
that  means  were  used  of  an  unfair  description,  to  obtaia 
the  rcinovul  of  the  ciigine.   One  unfortunate  circumstance 
was,  that   the  proprietor  of  the  boat   used  various  meaoa 


(0  harass  the  engineman  (who  was  placed  there  at  the  re- 
quest of  the  inventor),  and  subsequently  induced  him  to 
abandon  his  charge.  A  person  was  then  substituted  for 
him,  who  was  not  only  unacquainted  with  the  principle  of 
this  engine,  but  who  was  also  perfectly  inexperienced  in 
the  management  of  any  engine  whatever;  the  result  was, 
that  for  want  of  oiling  and  cleaning  the  joints,  the  exte- 
rior apparatus  was  in  a  short  time  so  seriously  injured, 
u  to  furnish  a  pretext  for  the  removal  of  the  engine  from 
the  boat. 

Notwithstanding  this  misfortune,  the   inventor  is  firmly 
convinced  of  the  superiority  of  his  rotary  engine  for  cer- 
tiin  purposes,  over  the  reciprocating  principle  ;  and  in  con« 
firmation  of  this  he  has  to  state  the  fact  that  the  piston, 
sliders  and  valves,  were  not  in  any  degree  injured,  either 
by  the  fair  working  of  the  engine,  or  by  the  neglect  and 
improper  usage  to  which  they  were  subjected.  The  whole 
of  the  defects  lay  in  the  exterior  machinery,  and  princi- 
pally in  the  workmanship  of  the  condensing  apparatus, 
nrhich  it  is  admitted  was  not  of  sufficient  strength  for 
the  purpose. 


SECOND  SECTION. 

ON  STEAM  NAVIGATION. 

The  idea  of  propelling  vessels  by  the   steam  engine 
appears  to  have  been  entertained  as  soon  as  that  machine 
W  its  existence.     Savery,  in   bis  Miner's  Friend,  men- 
tioned the  possibility  of  propelling  vessels  by  steam,  but 
never  attempted  to  carry  his  project  into  effect.     After 
the  introduction  of  Newcomen's  engine,  various  attempts 
*rere  made  to  obtain  a  revolving  motion,  by  which  the 
engine  might  be  applied  to  machinery  in  general.     These 
chiefly   failed  from  defective  mechanism.      Among  such 
atiempts  we  find  the  invention  of  Mr,  Jonathan  Hulls,  of 
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London,  who,  in  1736,  took  out  a  paCenl  for  the  app)iai« 
tion  of  the  crank  to  the  8lcani  engine,  by  ubich  additioo 
he  purposed  'Mo  carry  vessels  or  ships  out  of  or  into  i 
harbour,  port,  or  river,  against  wind  or  tide,  or  in  a  calm." 

We  need  not  say  that  this  project  was  never  carried  ioto 
execution.  The  application  of  the  crank  to  the  single 
acting  engine  has  always  been  found  a  matter  of  greit 
difficulty,  because  as  the  ascending  stroke  has  la  b» 
effected  by  a  counter-balance,  an  immense  lly-wbeel  ii 
necessary  to  produce  anything  like  regularity^  aad  it 
would  be  absolutely  impot$sible  to  use  such  a  fly  wheel  in  t 
boat.  In  consequence  of  the  want  of  proper  luachinorj, 
HulTs  idea  fell  to  the  ground,  and  indeed  was  bo  com- 
pletely forgotten,  that  Mr.  Watt  actually  took  out  a  patcfit 
for  the  application  of  the  crank  to  the  steam  engine. 

The  perfection  to  which  the  revolving  machinery  wai 
brought  by  Mr.  Watt,  and  others,  opened  (he  way  to  the 
ready  application  of  steam  for  the  purposes  of  navigatioa^ 
and  sundry  trials  were  made  in  various  parts,  but  norv 
particularly  in  Scotland,  to  ascertain  the  practicability  of 
the  project.  Of  these  trials,  little  or  no  record  remains  ;  tfcf 
earliest  successful  one  appears  to  have  been  made  on  ibf 
Forth  and  Clyde  Inland  Navigation,  in  the  year  1801,  fc) 
Mr.  Symington ;  but  thiii  steam  boat,  although  it  fnlly 
served  to  solve  the  problem,  was  unfortunately  laid  aside 
on  account  of  the  injury  sustained  by  the  banks  of  tbff 
Canal,  in  consequence  of  the  waves  which  were  raised  by 
the  stroke  of  tlic  paddles. 

It  appears  by  the  statement  of  the  ingenious  Mr. 
Oliver  Evans,  of  America,  whose  engine  is  described  at 
page  141,  that, so  early  as  1785,  he  had  published  a  descrip- 
tion of  a  mode  of  driving  boats  by  steam. 

Untoward  circumstances  prevented  Mr.  Evans  from 
carrying  his  plan  into  effect,  until  1804;  but  he  doea,  ifl 
our  opinion,  fully  establish  bis  claim  to  the  first  contri* 
vance  of  9^  practicable  steam  boat.  We  shall  insert  Mr. 
Evanses  own  account  of  the  commencement  and  progroi 
of  his  ideas  and  experiments,  as  we  consider  them  tafi- 
ciently  important  to  merit  every  publicity. 
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'^ About  the  year  1772,  being  then  apprenticed  to  a 
wheelwright,  I  laboured  to  dirscover  some  nieaiis  of  pro- 
pellin^  land  carriages,  without  employing  animal  power. 
All  the  modes  that  have  since  been  tried,  (so  far  as  I  have 
beard  of  tliero,)  such  as  the  wind,  treadles  with  ratchet 
wheels,  cranks,  &c.  to  be  worked  by  men,  presented  tbem- 
lelves  to  my  mind  ;  but  were  considered  as  too  futile  to 
iliserve  an  experiment :  and  I  concluded  that  such  motion 
was  impossible,  for  want  of  a  suitable  original  power. 

**Bul  one  of  my  brothers  informino;  me,  on  a  Christmas 
evening,  that  he  had  that  day  been  in  company  with  a 
Dci^hbouring  black  smith*s  boy,  who,  for  amusement,  had 
ttoppod  up  the  touch-hole  of  a  giin-barrel,  then  put  into 
itaboutagill  of  water,  and  rammed  down  a  light  wad- 
ding; after  which  they  put  the  broech-cnd  of  it  into  the 
3mith*s  fire,  when  it  discharged  itself  with  u»  loud  a 
crack  as  if  it  had  been  loaded  with  gunpowder.  It  im- 
mediately occurred  to  me  that  there  was  a  power  capable 
of  propelling  any  waggon,  provided  that  1  could  ap- 
ply it;  and  I  set  myself  to  work  to  find  out  the  means 
of  doing  so.  I  laboured  for  some  timi' without  success  ;  at 
If^ngth,  a  book  fell  into  my  hand:^,  describing  the  old  at- 
mospheric engine.  1  was  astonished  to  observe  that  they 
had  so  far  erred  as  to  use  the  steam  only  to  form  a  vacuum, 
k>  apply  the  mere  pressure  of  the  atmosphere,  instead  of 
applying  the  clastic  power  of  the  steam,  for  original  mo- 
tion; a  power  which  I  supposed  was  irresistible.  I  re- 
>5Wed  my  studies  with  increased  ardour,  and  soon  declared 
(hat  I  could  make  steam  waggons,  and  endeavoured  to 
^miDunicate  my  ideas  to  others  ;  but,  however  practica- 
Wethe  thing  appeared  to  me,  my  object  only  excited  the 
'■'dicule  of  those  to  whom  it  was  known.  But  I  persevered 
in  my  belief,  and  confirmed  it  by  experiments  that  satis- 
fied me  of  its  reality. 

**Inthe  year  1786,  I  petitioned  the  legislature  of  Penn- 
*yWania,  for  the  exclusive  right  to  use  my  improvements 
'D  flour-mills,  as  also  steam  waggons,  in  that  state.  The 
committee,  to  whom  the  petition  was  referred,  heard  me 
^^^)  patiently^  while  1  described  the  mill  improvements  ; 
13.  2  o 
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but  my  rrpresentalioiw  conccrninjir  <;tcam  wnflj^on*  nuili 
tlicni  think  me  insane.  They,  liowever,  reporte<l  favour 
nbly  respecting  my  improvement**  in  the  niantifactttrr  « 
flour;  and  passed  an  Act,  ^^runling  me  the  exrlnsivr  war 4 
them,  n«  prayed  for.  This  was  in  March,  I7S7,  bwl  cm 
notice  ia  tukcn  of  the  slenm  wa^g-ons. 

''  A  fiimilar  petition  was  also  presented  lo  the  lej^bla 
ture  of  Maryland.  Mr.  Jesae  Hollingsworth,  from  Bal 
limore,  was  one  of  the  committee  appointed  to  hear  m« 
und  report  on  the  case.  I  candidly  informed  this  rommittn 
of  the  fntc  o£»my  application  to  the  legislature  of  Prn 
sylvania,  respecting  the  steam  wai^i^on^,  declarini;  nt  ih 
same  time,  without  the  encouragement  prayed  for  heinj 
granted  to  me,  that  I  would  never  attempt  to  makelbrm 
lull  thai,  if  Ihey  would  secure  to  me  the  ri;;ht,  n*i  rcqucade^ 
I  would,  n<}80on  as  I  could,  apply  the  principle  to  practica 
and  I  explained  to  them  the  great  elastic  power  ofsteaai 
ns  well  as  my  mo<le  of  applying  it  to  propel  wa^i^nn*.  Mt 
HoUinj^worth  very  prudently  observed,  that  the  grw 
could  injure  no  one;  for  he  did  not  think  that  >fl| 
man  in  the  world  had  thought  of  such  a  thinj^  ln^fore;  h 
therefore  wii^hed  the  encouragement  might  He  afforded, « 
there  was  a  prospect  that  it  would  produce  ?ometliui| 
useful.  This  kind  of  argument  had  the  desired  cErti\ 
and  a  favourable  report  was  made.  May  21st,  1787,granti^| 
to  me,  my  heirs,  and  assigns,  for  14  years,  the  exclntfv) 
right  to  make  and  use  my  improvements  in  flour  miU«,aa( 
the  steam  waggons,  iu  that  State.  From  that  period  | 
have  felt  myself  bound  in  honour  to  the  State  of  Mar^ 
land,  lo  produce  a  steam  waggon  as  goon  as  I  could  coa 
veniently  do  it. 

*^  In  the  year  I7S9,  I  paid  a  visit  to  Benjamin  Chandle 
and  Sons,  clock-maker*),  men  celebrated  for  their  ioftf 
nuity,  with  a  view  to  induce  them  to  join  mc  in  the  rx 
pense  and  profits  of  the  project  ;  1  showed  to  them  ■{ 
drawings,  with  the  plan  cf  the  engine,  and  eivplaincd  III 
expan<4ivc  power  of  siruni ;  all  of  which  they  appeani 
to  understand  ;  but,  fearful  of  the  expense  and  dtfCcuIlk 
attending  it,  declined   the  concern.     However,  thrjcerti 
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ficd  that  1  had  sliuwn  them   the  drawing*,  and  explained 
(he  powers  of  high-pressure  stoani,  &c- 

*^  lu  the  same   year  I  went  to   Ellicott^s  mills,  on   the 
Jhitapscd,  near  Baltimore,  for  the  purpo^  of  endeavour- 
ing lo  persuade  Messrs.  Jonathan    Ellicott  and  Brothers, 
and    their   connexions^   (who   were    equally    famous   for 
tbeir  ingenuity,)  to  join  me  in  the  expense  and  profits  of 
Bilking  and  using  steam  wa-^guns.   1  also  showed  (hem  my 
drawings  and   minutely  explained  to  them  the  powers  of 
«(cttm ;  they  appeared  fully  to  comprehend  all  1  said ;  and, 
in  return,  informed  mc  of  some  experiments  they  thcm- 
«Ues  had  made;  one  of  which   they  showed  n»e>     They 
placed  a  gnn-harrel,  having;  a  hollow  arm,  and  a  small 
hole  on  one  side,  at  the  end  of  the  arm,  similar  lu  Barker's 
rolary  tube  mill ;  a  little  water  bein^  put  into  this  barrel, 
ind  fire  applied  to  the  breech  of  it,  the  steam  issued  from 
the  hole  in  the  end  of  the  arm  with  such  force,  as,  by  re- 
3ictioo.  to  cause  the  machine  to  revolve,  as  1  judi^ed,  al>out 
one  thousand   times  in   a  minute,  for   the  space  of  about 
live  minutes,  and  with  a  considerable  force  fur  so  small  a 
miehine.     1  tarried  here  a  few  days,  (May  10th  and  1 1th, 
1*S9,)  using  my  best  efforts  to  convince  them  of  the  possi- 
bility and  practicability  of  propelling  waggons,  ou  good 
tunipike  roads,  by  the  elastic  power  of  steam.     Uut  they 
>1ho  feared   the  expense  and  difficulty  of  the  execution, 
■nd  declined  the  proposition.     Yet  they  highly  esteemed 
nv  improvements    in    the    manufacture    of    flour,    and 
Biloptcd  them  in  their  mills,  as  well  as  recommended  theuk 
(V  others. 

*'  lu  the  same  year  I  communicated  my  project,  and  cx- 

pJained  my  principles,  to  Ijcvi  Hollinpiworth,  Ksq.  now  a 

merchant  in  Baltimore,   lie  appeared  to  understand  them; 

^uIbIbo  declined  a  partnership  in  the  scheme,  for  the  same 

ftMons  as  the  former  personis. 

^*  From  the  time  of  my  discovering  the   principles,  and 
(be  means  of  applying   them  to  use,  1  often   endeavoured 
td  communicate   them  to   (hose   1    believed   might  be  in- 
terested   in   their  application   to  waggons  or  boats;  but 
vrry  few  could  understand  my  explanations,  and  I  could 
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find  no  one  willing  to  ri«ik   the  expense  of  the  cxperi* 
ment. 

"  In  the  year  1785,  or  178fi,  before  1  had  petitioned  ihp 
legislature,  I  fell  into  company  with  Mr.  Samuel  Jack* 
son,  of  Redstone  ;  and  learning  of  him  that  he  resided  on 
the  Western  Waters,  I  endeavoured  to  impress  upon  Ui 
mind  the  ^reat  utility  and  high  importance  of  stem 
boats  to  be  impelled  oh  those  waters;  telling  him  that  I 
had  discovered  a  steam  engine  so  powerful,  according  lo 
its  weight,  that  it  would,  by  means  of  paddle-wba^ 
(which  I  described  to  him),  readily  drive  a  venel  •gftljttt 
the  current  of  those  waters,  with  so  great  a  speed  as  to  be 
highly  beneficial.  Mr.  Jackson  proves  that  he  understood 
me  well;  for  he  has  lately  written  letters,  declaring  tbit, 
about  twenty-six  years  before  their  date,  1  described  to 
him  the  principles  of  the  steam  engine,  which  I  havesinee 
put  into  operation  to  drive  mills,  which  be  baaMen;  and 
that  1  also  explained  to  him  my  plan  for  proptfling  boaU 
by  my  steam  engine  with  paddU'WheeUj  dtsnibituj  tkt 
very  kind  af  wheels  now  used  for  this  purpose;  and  thai 
I  then  declared  to  him  my  intention  to  apply  my  engim 
to  this  particular  object^  as  soon  as  my  pecuniary  circuwh 
stances  would  permit. 

"  In  the  year  iHOt),  or  1801,  never  having  found 
son  willing  to  contribute  to  the  expense,  or  even  to 
rage  me  to  risk  it  myself,  it  occurred  to  me  that,  althougl 
I  was  then  in  full  health,  1  might  be  suddenly  carried  of 
by  the  yellow  fever,  that  hud  so  often  visited  our  city 
(Philadelphia),  or  by  some  other  disease  or  casualty,  to 
which  all  are  liable;  and  that  1  had  not  yet  discharged 
my  debt  of  honour  to  the  stale  of  IMaryland,  by  producing 
the  steam  waggons  •  I  determined,  therefore,  lo  set  lo  wori 
Ihe  next  day,  to  construct  one.  I  first  waited  upon  Robert 
Patterson,  Esq.  proA^ssor  nf  mathematics  in  (he  univenity 
of  Pennsylvania,  and  explained  to  him  my  principleti,  as  I 
also  did  to  Mr.  Charles  Taylor,  steam  engineer,  from  E»g' 
land.  They  both  declared  these  principles  to  be  new  lo 
them,  and  highly  worthy  of  a  fair  experiment;  adriirittf 
me  without  dcluy  lo  prove  them,  in  hopes  ihiit   I   uii^bl 
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produce  a  more  simple, cheap, and  pov\crful  steam  engine, 
than  any  in  use.     These  gentlemen  were  the  only  pei*sons 
who  bad  such  confidence,  or  afforded  me  such  advice.     1 
abo  communicated  my  plans  to  B.  H.  Latrobe,  Esq.  at 
the  same  time,  who  publicly  pronounced  them  chimericaK 
and  attempted   to  demonstrnte  the  absurdity  of  my  prin- 
ciples,  in   bis   Report   to   the    Philosophical   Society  of 
Pennsylvania,  on  steam  engines;  in  which  report  be  also 
attempts  to  shew  the  impossibility  of  making  steam  boats 
useful,  on  account  of  the  weight  of  the  engine,  and  I  was 
one  of  the   persons  alluded   to  as  being  seized  with   the 
iteam  mania,  in  conceiving  that  waggons  and  (>oats  could 
be  propelled    by  steam  engines.      The   liberality  of  the 
members  of  the  society  caused  them  to  reject  that   part  of 
\ku  report  which  he  designed  to  be  demonstrative  of  the 
ibsurdity  of  my  principles ;  saying,  they   had  no  right  to 
setup  their  opinions  as  a  stumbling-block  in  the  road  of 
any  exertions  to  make  a  discovery.     They  said   I  might 
produce  something  useful,  and  ordered  it  to  be  struck  out. 
What  a   pity  they  did   not  also   reject  his  demonstrations 
rmpecting  steam  boats  !    for,  notwithstanding  them,  they 
kiTcrun,  are  now  running,  and  will  run  ;  so  has  my  eii- 
gile  and  all  its  principles  succeeded;  and  so  will  land- 
cvriages,  as  soon  as  these  principles  are  applied  to  them. 
"In  consequence  of  the  determination   above   alluded 
tA,  I  hired  workmen  and  went  to  work  to  make  a  steam 
tiggon,  and  had  made  considerable  progress  in  the  un- 
intakingi  when  the  thought  struck  me,  that,  as  my  steam 
Cttgioe  was  entirely  difletrent   in  form,  as  well  as   in  its 
priaciples,  from  all  others  in  use,  I  could  obtain  a  patent 
for  it  and  apply  it  to  mills,  more  profitably  than  to  wag- 
9^ui;  for,  until  now,  1  apprehended  that,  as  steam  mills 
Mbeen  used   in  England,  I   could  only  obtain  a   patent 
Turwaf^gons  and  boats.     I  stopped  the  work  immediately, 
^0(1  discharged  my  bands,  until  I  could  arrange  my  engine 
^or  milts  ;  having  laid  aside  the  steam  waggon  for  a  time 
of  more  leisure. 

"Two  weeks  afterwards  I  commenced  the  construction 
"'«Miiall  engine,  for  u  mill  to  grin*!  plastrr  of  Paris. 
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The  cylinder  kix  inches  in  diaiiielcr,  and  the  stroke  of  iht 
piston  eighteen  inches,  believing  thai,  with  one  thousand 
dollar:*,  1  could  fully  try  the  experiment.  Uut,  before! 
had  done  with  experiments,  1  found  that  1  had  expeniM 
three  thousand  seven  hundred  dollars — all  that  1  conlil 
command  !  1  had  now  to  begin  the  world  anew,  at  thengt 
of  forty-eight,  with  a  large  family  to  support.  1  hadcal* 
culated  that  if  I  failed  in  my  experiment,  the  credit  i  had 
acquired  would  he  entirely  lost,  and,  without  money  or 
credit,  at  my  advanced  age,  with  many  heavy  iDCun- 
brances,  my  way  through  life  appeared  dark  and  gloony 
indeed!  But  1  succeeded  perfectly  with  my  little  engine, 
and  preserved  myxredit.  I  could  break  and  grind  ^)O0 
bushels  of  plaster  of  Paris,  or  12  tons,  in  twenty-foor 
houm ;  and  to  show  its  operation  more  fully  to  the  public, 
1  applied  it  to  saw  stone,  in  Market-street,  where  tike 
driving  of  twelve  saws  in  heavy  frames,  sawing  at  the  rate 
of  100  ft.  of  marble  in  twelve  hours,  made  a  ^reat  «bow» 
and  excited  much  attention.  1  thought  this  waasuflicieot 
to  convince  the  thousands  of  spectators  of  the  utility  of 
my  dincovery  ;  but  1  frequently  heard  them  in(|uire  if  tka 
power  could  be  applied  to  saw  timber,  as  well  as  «lone,  to 
grind  grain,  propel  boats,  Sec.  ;  and  though  1  answered  ii 
the  affirmative,  I  found  they  still  doubted.  I  therefor* 
determined  to  apply  my  engine  to  many  new  uses,  and  lo 
introduce  it  and  them  to  the  public  notice, 

*' This  experiment  completely  tested  the  corrcctnoi 
of  my  principles,  agreeably  to  my  moat  sanguine  hopes. 
The  power  of  my  engine  increased  in  a  geometrical  pro* 
portion,  while  the  consumption  of  fuel  hud  only  an  aritk- 
metical  ratio;  and  in  such  proportion  that  every  time  1 
added  one  fourth  to  the  consumption  of  fuel,  the  power 
of  the  engine  was  double  ;  and  that  twice  the  quantity  of 
fuel  required  to  drive  one  Haw,  would  drive  sixteen  sain 
at  least;  for,  when  1  drove  two  saws,  the  consumption 
was  eight  bushels  of  pit  coal  in  twelve  houn ;  but  m 
twelve  sawH  were  driven,  the  consumption  was 
ntorc  than  ten  bushels;  so  that  the  more  we  resist 
xfeam,  the  greater  is  the  effect  of  the  engine.     C)n  ihem 
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priuctpled  very  light  but  powerful  eng;iiies  can  l)e  made, 
suitable  for  propelling  boats  and  land  carriages,  without 
tbe  f{;rcnt  incumbrance  of  their  own  weight,  as  mentioned 
in  Mr.    Latrobc's  demonstrations.     In    the  year   1804,   1 
constructed  at  my  works,  situated  a  mile  and  a  half  from 
the  water,  by  order  of  the  Board  of  Health  of  the  city  of 
Philadelphia,  a  machine  for  cleansing  docks.       It  con- 
sisted of  a  large  flat  or  lighter,  with  a  steam  engine  of  the 
kttwer  of  tive  horses  on  board,  to  work  machinery  to  raise 
^HSiniud  into  lighters.      This  was  a   fine  opportunity   to 
»how  the   public  that  my  engine  could  propel  both  land 
mid  water-carriages,  and  I  resolved  to  do  it.     When  the 
«»ork  was  finished,  I  put  wheels   under  it,  and  though  it 
was  equal  in  weight  to  two  hundred  barrels  of  flour,  and 
the  wheels  were  fixed  on  wooden  axle-trees  for  this  tem- 
porary purpose  in   a   very  rough   manner,  and   attended 
ftith  great  friction,  of  course,  yet  with  this  small  engine, 
I  transported   my   great   burthen   to   the  Schuylkill  with 
mm;  and  when  it  waK  launched  into  the  water,  1  tixed  a 
imddle  wheel  at  the  stern,  and  drove  it  down  the  Schuyl- 
kill to  the  Delaware,  and   up  the  Delaware   to   the  city; 
living  all  the  vessels  going   up   behind  me,  at  least  half 
^ay,the  wind  being  a-head. 

"Some  wise  men  undertook  to  ridicule  my  experiment 
of  propelling  this  great  weight  on  land,  because  the  mo- 
tinii  was  too  slow  to  be  useful.  I  silenced  them  by  answer- 
>i)g,  thut  I  would  make  a  carriage  to  be  propelled  by 
^^nm,  for  a  bet  of  three  hundred  dollars,  to  run  upon  a 
l(*vcl  road  against  the  swiftest  horse  they  could  produce. 
Inas  then  as  confident  us  I  am  now,  that  such  a  velocity 
fotild  he  given  to  carriages. 

"liaving  no  doubt  of  the  great  utility  of  steam  car- 
Ui^en  on  turnpike  roads,  with  proper  arrangements  for 
supplying  them  with  water  and  fuel  ;  and  believing  that 
■II  turnpike  companies  were  deeply  interested  in  carrying 
'^c(D  into  operation,  because  they  would  smooth  and  mend 
the  roads  instead  of  injuring  them,  as  the  narrow  wheels 
do;  on  tbe  26th  of  September,  1804,  I  submitted  lo  the 
Consideration   of  the    Lancaster   Turnpike  Company,   a 
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statement  of  the  cost  anil  profits  of  a  steam  carriage,  to 
carry  one  hundred  barrels  of  flour,  fifty  miles  in  twenty- 
four  hours  ;  tending  to  tthow,  that  one  such  steam  carrtafv 
would  make  mure  net  profits  than  ten  wagg^ons  drawn  hf 
five  horses  each,  on  a  good  turnpike  road  ;  and  offering 
to  build  such  a  carriage  at  a  very  low  price.  My  addrt* 
closed  as  follows: — 

"  ^It  is  too  much  for  an  individual  to  put  in  operatiot 
^  every  improvement  which  ho  may  invent.  1  have  oo 
*  doubt  but  that  my  engines  wifl  propel  boats  against  iIm 
^current  of  the  Mississippi,  and  carriages  on  turnpike  roadi 
'  with  great  profit ;  I  now  call  tipou  those  whose  int4 
'  it  is  to  carry  this  invention  into  effect/  In  the  year  II 
I  published  a  work  describing  the  principles  of  my  sti 
engine,  with  directions  for  working  it,  when  applied  to 
propel  boats  against  the  current  of  the  Mississippi  and 
carriages  on  turnpike  road:^.  And  I  am  still  willing  to 
make  a  steam  carriage  that  will  run  fifteen  miles  an  hour 
on  good  level  railways,  on  condition  that  I  hare  doubU 
price  if  it  shall  run  with  that  velocity;  and  nothing  at 
all  for  it,  if  it  shall  not  come  up  to  that  speed.  What  cao 
an  inventor  do  more,  than  to  insure  the  performance  of 
his  inventions  ?  or  1  will  make  the  engine  and  apparatw 
at  a  fair  price,  and  warrant  its  utility  for  the  purpow  oi 
conveying  heavy  burthens  on  good  turnpike  roads.  I  leel 
it  just  todeclare,  that  with  Mr.  Latrobe  I  myself  believed, 
that  with  the  ponderous  and  feeble  steam  engine  now  \mi 
in  boats,  they  never  could  be  made  useful  in  coinpetitioa 
with  sailing  boats,  or  to  ascend  the  Mississippi  ;  belieriag 
the  current  of  that  river  to  be  more  powerful  than  it  is. 
But  I  rejoice,  that  with  him  I  have  been  mistaken;  fori 
have  lived  to  see  boats  succeed  well  with  those  engiDCS, 
and  I  still  hope  to  see  them  no  completely  excelled  and 
out-ran  by  using  my  engine,  as  to  induce  the  proprietor* 
to  exchange  the  old  for  the  new,  more  cheap,  and  powerful 
engines. 

"  1  have  been  highly  delighted  in  reading  a  correspond* 
ence  between  John  Stevens,  Esq.  and  the  commtsMon^f* 
appointed  h\  the  legislature  of  New  York,  for  fixing  ttpov 
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tb«sife  of  the  new  canal,  proposed  to  be  cut  in  that  State. 
Mr.  Stevens  has  taken  a  most  comprehensive  and  very  inge- 
oioos  riew  of  this  important  subject ;  and  his  plan  of  rail- 
tays  for  the  carriages  to  run  upon,  removes  all  the  diffi* 
evlties  that  remain  to  be  overcome.  I  had  the  pleasure 
also  of  hearing  gentlemen  of  the  keenest  penetration  and 
of  great  mechanical  and  philosophical  talents,  freely  give 
into  the  belief,  that  steam  carriages  will  become  very 
weful. 

**'Mr.  John  Ellicot  (of  John),  proposed   to  make  roads 
of  mbfttances,  such  as  the  best  turnpike  roads  arc   made 
vitk,  with  a  path  for  each  wheel  to  run  on,  and  having  a 
railway  on  po>tt8  in  the  middle  to  guide  the  tongue  of  the 
vaggon,  and  to  prevent  any  other  carriage  from  travell- 
ing upon  it.     Then,  if  the  wheels  were  made  broad  and 
tbe  paUi9  smooth,  there  would  be  very   little  wear;  such 
roads  might  be  cheaply  made^  they  would  last  a  longtime, 
ud  require   very  little  repair ;    and  they  ought  to  be  pre- 
fcfred  in   the    first   instance  to    those   proposed    by   Mr. 
Stevens  ;  as  two  ways  could  be  made  in  some  parts  of  the 
conatry,  for  the  same  expense  as  one  could  be  made  with 
voodea  rails  ;  but  either  of  the  modes  would  answer  the 
pWpDsei  and   the  carriages  might  travel  by  night   as  well 
M  by  day.     When  we  reflect  upon  the  obstinate  oppo- 
■Uoa  that  has  constantly  been  made  by  a  great   majority, 
to  every  siep  to  improvement,  from  bad  roads  to  turnpike 
roads,  from  turnpike  roads  to  canals,  and   from  canals  to 
'^ilwB)s  for  horse  carriages  ;    it  is   too  much  to   expect, 
(bat  (he  prodigious  leap  from  bad  roads  to  railways  for 
BlHim  carriages,  will   be  made  at  once  ;  one  step  in  a  gc- 
Wration  is  all  that  we  can  hope  for.      If  the  present  gene- 
fatiun  shall  adopt  canals,  the  next  may  try   the  railways 
"idiboriesy  and  the  third  generation  may  use  the  steam 
earriagcB. 

'^But  why  may  not  the  present  generation,  who  have 
already  good  turnpike  roads,  make  the  experiment  of 
ttift^steum  carriages  upon  them  f  They  will,  assuredly, 
'iect  the  movement  of  heavy  burdens,  with  a  slow  motion 
oftwoanda  half  miles  an  hour;  and,  as  their  progretA 
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need  not   be    inlcrruplcH,  they    may   travel   fifty    or  WKfr 
miles  ill  the  twenty-tour  hours.     This  is  all  that  1  bopcto 
see  in  my  time  ;  and  tliou^h  1  never  expect  to  be  conceraed 
in  any  btisine^is,  requirini;   the  regular  transportation  >/ 
heavy  burdens  on  land  ;   because,  if  1  am  connected  in  tht 
affairs  of  a  mill,  it  shall  he  driven  by  steam,  and  he  placed 
on   some  navigable  water,  to  save  land  carriage;  y»t  I 
certainly  intend,  as  soon  as  1  can  make  it  conveaient,  ta 
build  a  steam   carriage,  that   will  run  on  good  turnpike 
roads,  on  my  own  account,  if  no  other  person  will  tngagt 
in  it;  and  1  verily  believe  (hat   (he  time  will   come  wbta 
carriages,  propelled   by  steam,  will   be  in  general  naiiii 
well    for     the    transportation    of   passengers   av    f^oodi; 
travelling  at  the  rate  of  15  miles  an  hour,  or  300  milc»« 
dayl 

"  It  appears  necessary  to  give  the  reader  Kome  ideaoflltf 
principieH  of  the  steam  engine  which  is  to  produce  aucfc 
new  and  singular  effects  ;  and  this  1  will  endeavour  to  do 
in  as  few  words  as  I  can,  by  showing  the  extent  to  whtek 
the  principles  are  already  applied. 

'*  To  make  steam  as  irresistible  or  powerful  as  gunpo«« 
der,  we  have  only  to  conGne  it,  and  to  increase  the  beat 
by  adding  fuel  to  the  boiler.  A  steam  engine,  with  < 
working  cylinder,  only  nine  inches  in  diameter,  and  ike 
stroke  of  the  piston  three  feet,  will  exert  a  power  lufi- 
cient  to  lif\  from  3000  to  10,000  lbs.  perpendicularly,  lao 
nnd  a  half  miles  per  hour.  This  power,  applied  to  propd 
a  carriage  on  level  roads  or  railways,  would  drive  a  vfry 
great  weight  with  much  velocity,  before  the  fi'iction  opoi 
the  axle  trees,  or  the  resistance  of  the  atmostphere  we«U 
baknce  it. 

"This  is  not  speculative  theory.  The  principle  if* 
now  in  practice,  driving  a  saw-mill,  at  Manchacko,  on  the 
Mississippi;  two  at  Natchez,  one  of  which  is  capabU  of 
aawing  50t)0  feet  of  boards  in  twelve  hours;  a  milt  J* 
Piltsbiirgh,able  to  grind  twenty  bushels  of  grain  per  boor; 
one  ut  Marrietta,  of  equal  power;  one  at  J^exinfto^ 
(Kentucky,)  of  the  same  power;  one  a  paper-mill,  of  i^ 
same  power  ;  one,  of  one  fourth  the  power,  at  Pill»barj:b; 
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one  at  the  same  place,  of  three  and  a  half  times  the  power, 
fork  forge,  and  for  rolling  and  slitting  iron;  one  of  the 
power  of  24  horses,  at  Middletown,  (Connecticut,)  driving 
tie  machinery  of  a  cloth  manufactory ;  two  at  Philadelphia, 
(^the  power  of  five  or  six  horses;  and  many  making  for 
different  purposes;  the  principles  applying  to  all  cases 
where  power  is  wanted  to  drive  machinery." 

So  experiment  of  importance  after  Mr.  Symington's,  in 
1801,  or  Mr.  Evans's,  in  1804,  appears  to  have  been  tried 
either  in  Great  Britain,  or  America,  until  the  celebrated 
American  Engineer,  Mr.  Robert  Fulton,  constructed  a 
sleini  boat,  which  was  launched  at  New  York,  on  Octo- 
berSd,  1807,  and  began  to  ply  between  New  York  and 
Albany,  a  distance  of  144  miles.  In  1812,  a  boat  called  the 
Cotoet,  was  tried  on  the  Clyde.  Shortly  afterwards,  Mr. 
Theodore  Lawrence,  of  Bristol,  constructed  a  steam  boat, 
which  he  tried  on  the  Avon,  and  finding  it  successful,  pro- 
ceeded with  her  through  the  canals,  to  the  Thames;  but,  in 
consequence  of  some  of  the  bye-laws  of  the  Watermen^s 
Company,  he  was  prevented  from  using  her  profitably,  and 
under  the  necessity  of  returning  her  to  the  Avon.  After 
this,  steam  boats  were  tried  on  various  rivers,  both  in  Eng* 
Itndand  Scotland,  with  different  success.  These  were 
S^erally,  as  may  be  naturally  concluded,  of  a  very  imper- 
ial construction.  The  speculation  being  then  extremely 
hazardous,  old  boats,  and  in  some  cases  old  engines,  were 
adopted.  The  consequence  of  which  was,  the  first  experi- 
■i^tsjast  so  far  proved  the  advantage  of  steam  naviga- 
tion, as  to  warrant  other  parties  to  construct  superior  ves- 
^Isand  engines,  and  thereby  reap  the  profit. 

The  construction  of  the  engines  resembled  each  other 
pretty  nearly,  in  the  last  experiments  ;  they  being  generally 
beam  engines,  the  beam  working  above  the  deck,  and  hav- 
ing an  erection  for  the  purpose  of  covering  the  machinery, 
*hich  was  of  necessity  above  the  level  of  the  deck.  The 
main  difference  appears  to  have  been  in  the  mode  of  ap- 
plying the  force  of  the  engine  on  the  water.  The  common 
^^  although  the  best  application  of  power,  where  it  can 
"C  instantly  removed  when  necessary,  could  not,  from  the 
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great  breadth  which  it  would  occupy,  he  used 
vessel.  For  this  reason  we  tind  that  a  ▼ariety  of 
have  been  published  for  effecting  this  object.  One  m 
waa  by  a  speciea  of  folding  oar,  which  opened  oal 
when  it  was  moved  towards  the  stern,  but  which  I 
into  a  smaller  space  by  the  reversed  motion ;  alao 
species  of  Bcrew,  which  being  entirely  immersed  in  i 
raised  the  water  and  discharged  it  behind  the  stern.  1 
and  a  variety  of  other  plans,  however,  were  all  foiicM 
rior  to  the  common  paddle  wheel,  which  (on  accot 
the  simple  mode  by  which  it  may  be  attached  to  ihe  n 
neryi  as  well  as  its  combining  strength  and  compact 
h  now  universally  preferred  for  giving  motion  to 
vessels.  A  variety  of  modifications  have  been  trii 
which  the  loss  arising  from  the  back  water  (that  i 
water  which  is  lifted  as  the  paddles  rise,)  could  be  avi 
We  shall  offer  no  apology  for  inserting  some  of  thi 
thods  by  which  this  difficulty  has  heen  proposed  to  I 
luedied.  A  trial  was  made  in  America,  of  a  spec 
Mrew,  which  was  placed  at  the  head  or  stern  of  the  i 
and  completely  immersed  in  water,  the  spindle  ext« 
in  the  line  of  the  vessel ;  this  was,  after  a  considerabla 
laid  aside  ;  but  the  reasons  of  its  failure  we  caDnoti 
tain.  It  appears  probable,  that  if  the  screw  were  coaif 
with  only  one  revolution,  that  it  might  be  applied  ip 
boats  with  advantage.  Various  attempts  have  Itli 
been  made  to  give  motion  to  the  boat  by  raeaos  of  pi 
attnched  to  chains,  which  pass  over  two  drums  plao 
the  sides  of  a  vessel,  as  represented  in  the  drawing,  by  i 
it  was  expected,  that  the  effect  would  be  considerab 
ereased  by  the  number  of  paddles  which  were  acti 
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We  water  at  the  same  time.  It  was  however  fouiici  on 
trial  that  the  great  friction  of  tht;  chains,  together  with  the 
BORiber  of  parts,  which  wert^  exposed  to  injury,  prevented 

iheir  successful  adoption. 
Another  method,  upon  a  somewhat  Hiniilar  principle,  is 

represented  in  the  accompanying;  figure.  The  cranks  a  a,  are 
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moved  hy  the  engine,  antl  turn  with  ihem  the  horizontal  bar, 
towhich  are  fixed  the  vertical  padtlles.  By  this  method,  all 
iho  paddles  are  immersed  in  the  water  in  a  vertical  position^ 
and  raised  out  of  if,  in  the  like  manner  ;  but  although  the 
backwater  is  avoided  by  this  method,  yet  it  ia  obvious  that 
another  difficulty  is  encountered,  of  a  more  formidable  na- 
ture; which  is,  that  the  motion  of  the  paddles  in  entering, 
is  exceedingly  slow,  and  probably  slower  than  the  speed  at 
which  the  vessel  passes  through  the  water;  so  that,  unless 
the  speed  be  too  great,  when  the  paddles  move  at  their 
greatest  velocity,  namely,  when  the  cranks  are  vertical, 
tbey  must  at  entering,  and  leaving  the  water, considerably 
impede  the  motion  of  the  boat. 

A  method  of  keeping  the  paddles  vertical,  during  the 
revolution,  is  described  by  Mr.  Robertson  Buchanan,  in 
hii" Treatise  on  propelling  vessels  hy  steam,"  which  he 
tW  explains. 

^^  If  two  equal  rings  or  circular  lines  in  the  same  plane, 
or  in  planes  parallel  to  each  other,  be  conceived  to  revolve 
wch  upon  its  respective  centre  in  its  own  plane,  with  one 
>nd  the  same  uniform  velocity,  and  in  the  same  direction 
»ith  regard  to  parts  of  the  rings,  or  lines  alike  situated, 
>ad  anv  point  be  taken  in  one  of  the  lines  or  rings,  and  a 
^glit  line  be  drawn  from  that  point,  parallel  to  a  line 
supposed  to  join  the  centres,  until  it  meets  the  other  rin^ 
"f  circle,  then  the  right  line  so  drawn,  will  be  eqoal  to 
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the  line  urdistuiicc  beUveen  llie  centri*?,  and  will 
equal   and   parallel  to   that  line  of  dititance,  dui 
nhole  of  every  revolution  so  made/* 
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Thp  dotted  circle  and  the  black  circle  in  (he 
ing  figure,  denote  the  ring^s  or  circles  menti 
theorem,  and  Y  and  X  denote  their  centre;] ;  and 
1  a,  parallel  to  and  equal  to  X  Y,  the  line  of  di 
the  centres,  ivill  continue  equal  and  parallel  to 
ofdistance,  in  the  positions  2  c,  and  3  «,  and  4 
all  other  positions  into  which  the  point  1,  can  bo 
during  the  uniform,  equal  and  similarly  dircctei 
tionsof  the  two  circles. 

It  will  be  evident  upon  a  little  inspection,  that  tl 
wheel  of  Mr.  Buchanan's  is  liable  to  the  objectii 
to  exist  against  the  last^described  apparatus,  name] 
impeding  the  speed  of  the  boat,  by  its  comparati^ 
motion,  on  entering  and   leaving  the   water, 
together  with  that  of  great  complexity,  and  c 
liability  to  breakage,  must  we  fear  preclude  its 
adoption. 

After  the  great  number  of  attempts  to  improve' 
struction  of  the  paddle-wheel,  it  is  with  some 
hesitation  that  we  submit   a  project  of  our  owi 
wc  cannot  lielp  thinking,  will  retain  all  the  advai 
the  present  puddle,  and    at   the  same  time  coi 
reduce  the  quantity  of  back  water. 


leprincipicmavDe  musexpiainea  : — iDepaauie  wi 
U  composed  of  wrought  iron  hoops  and  arms,  in  the  usual 
manner;  the  paddle,  insteac^^^xtending  the  whole  breadth 
of  the  wheel}  is  divided  into  Ikf^e  pieces,  which  are  attached 
to  cross  bars,  not  in  the  ss^,\|^  lin^^?  but  the  two  exterior 
pieces  placed  a  little  behind  the  middle  piece.  It  will  be 
seen  that  such  a  paddle  will,  when  immersed  in  the  wuter, 
produce  nearly  the  same  effect  as  if  it  were  all  in  one 
piece;  because  the  same  quantity  of  surface  is  in  both  acting 
apon  the  water,  but  in  rising  out  of  the  water  it  will  be 
evident  that  much  greater  facility  is  afforded  by  the  divi- 
ded paddle  for  the  water  to  run  off,  and  consequently  the 
wheel  will  be  divested  of  a  considerable  portion  of  its 
back  water. 

The  United  Kingdom  Steam  Packet  is  one  of  the  largest 
which  has  been  erected  in  this  kingdom,  and  is  of  iOQQ 
tons  burthen.  She  plies  regularly  between  London  and 
Leith,  performing  the  voyage  in  from  40  to  50  hours.  She 
measures  148  feet  in  the  keel,  and  the  breadth  of  her  beam 
45  feet.  The  accommodations  for  passengers  arc  of  the 
»st  elegant  and  convenient  description.  She  is  propelled 
hy  two  engines  of  100  horse  power  each,  (constructed  by 
31r.  Napier,  of  Glasgow)  which  are  considered  as  specimens 
uf  very  superior  workmanship.  As  these  sorts  of  engine? 
»ry  nearly  resemble  ciach  other,  we  have  selected  lho3< 
this  vdHsel  as  iiiuttti'^Cions  of  the  mode  in  which  steam 
»at  engines  are  constructed. 

boiler,  figs.  3, 4,  and  5,  which  is  of  wrought  iron^  is 
?t  6  inches  in  length,  19  feet  in  breadth,  and  8  feet 
0  inches  in  height.  There  are  eight  rectangular  tubes  b  6, 
ining  the  lengthway  of  the  boiler.  The  fire  is  placed 
the  upper  part  of  each  of  these,  upon  the  bars  c,  in  the 
tlion.  At  the  further  end  of  the  lubes  is  a  transverse 
"one  f/,  extending  the  whole  breadth  of  the  boiler,  which 
communicates  wilh  every  one  of  the  tubes,  containing  the 
fire,  at  each  end  of  rf.  On  the  top,  a  return  tube  e  c,  carries 
off  the  smoke  and  fire  into  another  transverse  tube/,  out 
the  centre  of  which  the  chimney  g  rises.  The  cocks 
h  h  are  for  ascertaining  the   height  of  water  in   the 
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but  in  this  boiler  a  very  ingenious  mode  is  UBed, 
by  which  the  necessity  of  (he  cocks  h  is  dispensed  with. 
There  are  two  cocks  i  i,  which  are  placed  the  one  consider- 
ably above,  and  the  other  as  much  below,  the  assumed 
level  of  the  water ;  these  cocks  communicate  with  a  vertical 
tube  of  glass  J,  of  sufficient  strength  to  endure  the  force 
of  the  steam.  On  the  cocks  1 1,  being  opened,  water  enters 
into  the  lower  cock,  and  steam  into  the  upper  one,  and  the 
pressure  being  the  same  in  the  boiler,  the  water  stands 
at  the  same  level,  and  thereby  indicates  at  all  times 
whether  it  be  too  high  or  too  low,  in  the  boiler. 

la  the  subjoined  engraving,  fig.  1,  represents  an  end  view 
ofthctwoengincs,  and  (ig.  2, aside  view  ofoneofthem.  The 
letter*  refer  to  the  same  parts  in  each.  The  cylinders  a  a, 
&re  of  cast  iron,  and  fixed  to  a  framing,  which  is  bolted  to 
the  bottom  of  the  boat.  The  piston  rods  b  fr,  are  keyed 
tt  (he  upper  ends,  to  the  cross  heads  c  c,  to  the  exterior 
rods  of  which  are  attached  the  connecting  rods  d  d. 
The  lower  ends  of  these  connecting  rods  are  inserted  in 
iW  forked  end  of  the  beams  etj  which  vibrate  upon  a 
shtH/,  the  bearances  of  which  rest  upon  the  top  of  the 
rond«ti9er  g.  In  the  same  forks  are- inserted  the  ends  o( 
*>ther  connecting  rods  A  A,  which  are  keyed  at  their  upper 
cnd4to  cross  heads  1 1.  In  the  centre  of  these  cross-heads 
mbiishes  Large  enough  to  receive  therods^y,  whichextend 
(0  the  crank  pins  of  the  cranks  k  k.  These  cranks  are  fixed 
to  the  main  shaft,  which  rests  upon  the  bearances  //,  upon 
lb  arches  m,  which  are  bolted  to  the  cross  beam,  as  at  n. 
The  shafts  are  shewn  as  broken  off  at  the  outer  ends,  but 
tliey  extend  to  the  outside  of  the  paddle  wheel. 

The  side  beams  e  e,  are  not  straight,  but  have  two 
benda,  represented  by  the  lighter  parts  of  the  shading,  the 
^ndb  near  the  cylinder  being  therefore  much  farther  apart 
than  the  opposite  ends,  so  that  they  may  take  up  as  little 
room  *s  possible,  by  laying  close  to  the  respective  parts  of 
be  machinery.  They  are  also  forked  at  the  end  nearest 
iitf  air  pump  o,  so  as  to  admit  the  insertion  of  the  pump 
ods  p,  which  are  connected  at  their  upper  ends  to  the 
ro«8-head  9,  in  a  bush,  in  the  centre  of  which  is  keyed  the 
14.  2  a 
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•pump  rod  r.      Connecting  rods  5,  ure  attached  at  /,  to 
side  beams  e,  and  at  their   upper  ends  to  cross-beads, 

lich  are  connected  as  at  u  u  (fi^.  1)  to  two  rods,  which 
work  the  plungers  of  two  feed  pumps  v,  for  supplying  the 
boilrr. 

j  is  the  apparatus  for  blowing  through,  previous  to 
starting  the  engine.  It  consists  of  a  cock,  which  opens  or 
closes  a  communication  between  the  steam  chest  and  con- 
di-n-or^  by  turning  the  handle. 

rhc  rod  and  lever  jt,  are  for  the  purpose  of  regulating 
'tke  quantity  of  injection  water,  which  enters  into  the  con- 
denser, by  a  pipe  from  the  outside  of  the  vessel,  and  can 
be  increased  and  lessened  in  quantity,  by  turning  a  cock, 
to  which  the  rod  x  \st  attached,  y  is  the  hot  well, 
into  which  the  condensing  water  is  discharged  from  the  air 
pump.  The  feed  pumps  are  supplied  with  water  from 
this  hot  well,  through  the  medium  of  a  pipe,  the  overplus 
being  discharged  through  the  side  of  the  vessel,  by 
another  pipe  which  is  not  seen. 

In  the  steam  chest  1,  is  contained  the  sliding  valve.  For 
the  purpose  of  explaining  its  principle,  we  shall  here  in- 
troduce a  separate  diagram,  which  may  be  taken  as  r 
ffttpresentation  of  the  best  form  in  which  it  is  constructed, 
though  it  varies  somewhat  in  its  relative  position  from  that 
of  the  engine  we  now  describe.  The  cylinder  a  in  the 
following  figure  has  two  apertures  b  t,  at  top  and  bottom, 
to  which  are  bolted  and  cemented  the  upright  pipe  d,  hav- 
ing near  its  centre,  or  in  any  other  convenient  part,  a 
broad  face  represented  at  e,  in  which  are  three  oblong 
holes,  the  upper  one  running  into  the  cylinder,  through  b, 
and  the  lower  one  into  the  cylinder  through  c.  The  mid- 
dle one  communicates  with  a  separate  recess  A,  to  which  is 
attached  a  pipe,  which  forms  a  communication  with  the 
condenser.  The  steam  chest/,  is  a  rectangular  box  of 
cast  iron,  and  has  a  pipe  attached  to  it  from  the  boiler ;  this 
chest  is  covered  over,  and  made  steam-tight  by  a  lid  ij 
aerewed  to  it.  On  the  upper  side  of  the  steam  chest  is  a 
utfing  box,  through  which  passes  a  turned  rod  for  wotk« 
ing  the  sliding  valve  A,  which   is  represented  in  section. 
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This  valve  has  a  flat  face,  neatly  G^round  to  the  surface  i, 
sufficient  to  cover  two  of  the  holes  of  e,  and  twice  lb# 
breadth  of  any  one  of  the  surfaces  intervening  bctwrto 
any  of  the  holes  in  e.  The  val\e  is  rai<ied  into  a  bos, 
from  ita  open  interior  part,  being  of  sufficient  dimrmiiaai 
to  cover,  as  in  its  present  situation,  two  of  the  pawa^w  ^ 
and  leave  open  a  third,  the  bottom  one  in  the  prewat  \^ 
stance  being  open. 

If  steam  were  admitted  into  the  steam  chest,  whiUt  the 
valve  was  in  its  pre<*<»nt  position,  it  could  only  enter 
the  cylinder  through  c,  and  consequently  would  canst 
piston  to  ascend,  whilst  the  air  above  it  would  be  dk* 
charged  through  b,  und  the  open  part  of  the  valve,  asdM 
into  the  condenser:  hut  suppose  that  the  valve  be  depnsssi 
so  as  to  cover  the  middle  and  lowest  holes,  then  thestcs* 
from  the  boiler  would  have  free  communication  with  iW 
upper  side  «if  the  piston,  through  6,  which  it  would  cos- 
sequently  force  downwards,  whilst  the  steum  used  in  1^ 
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ascending  stroke  would  be  discharged  into  the  condenser, 
through  the  interior  of  the  sliding  valve;  so  that  by  chang- 
ing the  situation  of  the  valve,  the  piston  may  be  made  to 
ascend  or  descend  at  pleasure. 

The  mode  by  which  the  valves  in  the  engine  before- 
mentioned  are  worked,  ia  by  eccentrics  on  the  main  shaft, 
vhich  work  cranks;  a  spindle  extends  across  between  the 
supporting  columns,  in  the  centre  of  which  is  another 
crank,  which  gives  motion  to  a  slide  rod,  through  the 
nediumof  two  other  rods. 

The  piston  rods  and  cross-heads  preserve  their  vertical 
motion,  by  horizontal  bars,  having  adjustable  brasses  on 
tbeir  outer  ends,  fitted  to  the  columns,  upon  which  they 
work  smoothly  up  and  down. 

The  framing  of  the  two  engines  is  bound  together  by 
ci'ht  bars  meeting  together  in  the  ball  10,  upon  the  top 
of  which  is  fixed  a  lamp  11. 

It  appears  that  20  cwt.  of  Weyms  Coal,  per  hour,  are 
n^essary  to  keep  this  engine  going,  and  consequently  her 
Average  consumption  is  nhoiit  45  tons  for  each  voyage. 

It  appears  that  the  Americans  have  brought  steam  navi- 
gation nearer  to  astate  of  perfection  than  ourselves,  not  only 
in  their  machinery,  but  in  the  style  of  litting-up,  and  (he 
accomniodations  for  passengers.  By  a  private  letter  from 
America,  we  arc  informed  that  '^  The  Independence  Steam 
Boat  has  run  between  New  York  and  Albany,  a  distance 
of  144  miles,  in  1]|  hours.  The  New  Philadelphia  has 
performed  the  same  voyage  frequently,  in  11  hours  and  50 
minutes.  They  start  at  six  o'clock  in  the  morning,  and  sail 
Dp  the  Hudson  River,  landing  passengers  in  Albany  (aAer 
Mopping  at  ten  or  twelve  places)  at  six  in  theevening.  The 
BCcoinaiodattons  are  superb,  and  the  provisions  such  as  te 
{ratify  an  epicure;  the  dining  room  of  the  North 
America  is  about  150  feet  in  length  ;  she  %vill  dine  from 
WOlo  1000  passengers.  The  floors  are  covered  with  the 
>>oit  elegant  Brussels  carpet.  The  curtains  are  of  silk 
linaak,  the  ornamental  work  richly  carved;  the  room  de- 
►nited  with  works  of  celebrated  artists.  The  fare,  includ- 
™?  ihree  meals,  is  only  four  dollars.'' 
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THIRD   SECTION. 


ON  STKAM  CARRIAGES. 

Certain  problems  have  been  entertained  rc| 
power  of  the  steam  engine,  which  have  been  coeval  I 
itii  existence.  We  have  seen  its  earliest  inventor  anticif 
ing  ils  application  to  the  driving  of  vesseU  at  9oa>  and 
oJho  find  itii  great  improver  calculating,  withcerlaai 
its  capability  of  propelling  carriages  oo  the  land. 
as  (he  bare  discovery  goes,  Savery  and  Watt  are  t1 
ties  to  whom  the  credit  of  being  the  inventor  of  ead 
these  curious  applications  of  steam  should  be  awafi 
only  that  by  such  an  award  we  should  dispense  an  a^ 
praise  to  the  dreamer,  who  has  also  built  biscaaileaj 
air,  and  anticipated  that  we  should  navigate  it,  wi 
same  ease  that  we  now  traverse  the  water;  becaoae,! 
time  when  each  of  these  projects  were  suggeated,  tkad 
culties  against  their  execution  were  as  many,  and  sp 
rently  as  insurmountable.  Mr.  Savery  merely  biota  1 
^^bi^  engine  might  be  very  useful  in  ships,  but  thai 
dares  not  meddle  with  the  matter ;  and  leaves  it  to  Cbe  jw 
nient  of  thoHe  who  are  the  best  judges  of  mart'/r'an  nilii 
Mr.  Watt  only  mentions,  in  one  of  his  spcciticatioDi,i 
his  engine  was  applicable  to  the  purposes  of  loco-moli 
But  Mr.  Watt's  project  was  published  at  a  time  wbaa 
engine  was  quite  incapable  of  effecting  this  eDd, 
encumbered  with  an  enormous  mass  of  heavy 
and  when  he  entertained  a  perfect  horror  at  woi 
engines  without  a  condenser.  We  have  seen  that  gn 
if  not  insurmountable  difficulties  are  overcome  by 
simple  apparatus  of  a  high-pressure  engine;  but  how  a« 
densing  engine  would  have  succeeded,  when  encambci 
with  its  load  of  condensing  apparatus  and  water,  reaai 
no  very  extraordinary  discernment  to  discover. 

Notwithstanding  the   impracticability    of  his 
that  time  of  day,  Mr.  Watt  is  described  as  the  iw 
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cflrria|re;  and  the  decision  woald  have  been  (he 
d  Mr.  Watt  never  published  one  single  idea 
that  relating  to  travelling  by  steam  ;  for  this  has 
the  way  of  the  world  !  An  obscure  projector 
the  possibility  of  effecting  an  important  improve- 
in  art— he,  with  his  project,  perishes,  and  is  forgotten. 
■burse  of  time,  a  mighty  genius  rises,  the  Newton  of 
^  and  boldly  vanquishes  the  difficulties  from  which 
FcdeccMorB  have  shrunk,  and  brings  the  desired  ob- 
^^Kcesaful  operation.  The  world  wonders  at  the 
l^^^nd  is  surprised  that  so  simple  a  thing  has  never 
Mincetved  before.  It  inquires  whether  no  previous  at- 
s  have  been  made  at  so  beneficial  a  speculation,  and 
linquiry,  the  worm-eaten  pamphlet  of  the  projector  is 
4  from  the  shelves  of  the  curious,  and  the  well-earned 

^  wrested  from  the  brow  of  him,  who,  by  sacrifice 
verance,  has  attained  this  object,  to  be  placed  on 
1^0  never  went  one  step   in  its  prosecution.      This 

Kl  the  case  in  every  branch  of  science  and  art, 
uman  genius  could  be  exerted,  but  in  the  steam 
e  more  particularly  so.  Scarcely  had  Mr.  Savery 
Nled  in  constructing  his  engine,  than  forthwith  it  iu 

Ked  that  it  is  a  mere  copy  of  the  Marquess  of  Wor- 
and  that  he  (Savery),  forsooth,  had  bought  up 
umt,  for  the  better  concealment  of  the  fact,  every 
>f  that  book  of  quackery  and  folly,  "  The  Century  of 
r»Ofr</*  This  had  hardly  been  settled,  before  the 
awarded  to  the  Marquess  is  disputed  by  twenty  com- 
n,  and  the  laurel,  which  should  have  remained  with 
f )  is  torn  in  pieces  in  (he  dispute.  These  and  innu- 
ie  instances  may  be  given  of  the  unjust  decisions  of 
ff  and  in  consequence  there  has  not  been  one  meri- 
«  application  of  steam,  the  invention  of  which  has 
«n  contended  for.  The  reason  is  this,  that  the  mere 
'er  does  not  distinguish  the  wide  difference  between 
y  guessing  at  what  may  be  dojie,  and  what,  by  patient 
erance  and  immense  expenditure,  has  been  actually 
d.  In  mechanics,  as  in  poetry,  there  is  no  such  thing 
ew  idea.     In  both,  it  is  the  arrangement,  and  the 


splendid  career,  has  been  somcM'bat  eclSp^ed  by 
obscurity,  and  in  many  cases  an  unjust  monopoly, 
not  only  inconsistent  with  the  innate  hoocsty* 
genius,  but  was  in  his  case  unnecessary  and  ii 
The  talents  of  Mr.  Watt  needed  not  such  u  pr 
the  wonderful  powers  of  his  mind  enabled  him, 
branch  of  hi^i  profes8ion,  to  outstrip  all  hU  cotem 
nnd  that  law  which  stipulates  that  a  man  t«hall  f 
lish  his  invention,  in  return  for  a  limited  monopolj 
have  been  in  justice  tu  himself  complied  with,  to  I 

An  instance  we  shall  ^ive  of  Mr.  Wa(t*s  feelin 
subject.  Mr.  Matthew  iVIurray,  of  Leeds,  made  » 
important  improvements  in  the  steam  engine 
other  things^  the  sliding  valve,  which  is  allowed 
of  the  most  valuable  additions  to  the  steam  en, 
now  in  common  use.  These  were  admitted  by 
to  be  valuable  improvements;  but,  because  so 
combinations  of  Mr.  Murray's  engines,  bore  a  t 
semblance  to  the  engine  wliich  was  professed  to 
bed  in  the  obscure  patent  of  1768,  (which  has 
rally  allowed  to  explain  notliing,)  Mr. Watt  obtaii 
oT  scire  facias  J  by  which  Mr.  iMurra\*s  patent  was 

It  was  probably  from  the  same  disposition  to 
that  we  find  almost  every  possible  application  of 
engine  claimed   in  the  specifications  of  Mr.  Wm 
high-pressure  engine,  the  application  of 
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We  have  made  these  remarks  in  thia  place,  in  order  to 
Kt  at  rest  the  title  of  Mr.  Watt  to  the  invention  of  steam 
carriages.  And  taking  for  our  rule,  that  the  party  who  first 
Bitempted  to  put  them  in  practice,  by  mechanical  arrange- 
toenU  of  his  own,  is  entitled  to  the  reputation  of  being 
their  inventor — Mr.  Oliver  Evans,  of  America,  (named 
IB  the  preceding  section,  as  one  of  the  earliest  promoters 
of  steam  navigation,)  appears  to  us  to  be  the  person  to 
whom  thai  honour  is  due. 

The  particulars  of  Mr.  Evanses  experiments  are  ex- 
tremely interejiiting,  and  explain,  with  much  clearness  and 
eridenl  sincerity,  the  circumstances  which  led  to  the  pro- 
secution of  his  scheme,  which  was  carried  into  effect  in 
(he  year  lb04. 

MeKrs.  Trevithick  and  Vivian^s  patent  of  1802,  describes 
I  tleam  carriage,  for  the  purpose  of  travelling  on  the 
eoiumon  road.  The  carriage  resembles  in  form  the  com- 
mon stage-coach ;  an  iron  frame,  containing  the  boiler  and 
cylinder,  is  placed  behind  the  carriage;  the  cylinder  is 
likewise  horizontal.  Our  readers  will  readily  see  the  ap- 
plication of  the  apparatus  to  the  wheels  by  a  cranked  axle. 
Od  both  ends  of  the  axle,  cog-wheels  are  fixed^  by  which 
means,  when  the  axle  is  made  to  revolve,  it  communicates 
its  motion  to  the  hinder  and  larger  wheels  of  the  carriage. 
The  machine  has  a  fly-wheel,  to  preserve  the  regularity 
of  the  motion:  means  are  also  provided  for  throwing  any 
of  the  wheels  out  of  gear,  by  which  a  turn  cau  be  made 
without  difficulty. 

This  engine  was  not  put  into  operatton  until  1805,  when 
Mr.  Trevithick  had  an  opportunity  of  proving  its  utility 
npon  the  Merthyr  Tydvil  Rail-road,  South  Wales.  The 
i^n^ine  had  a  cylinder  of  8  inches  diameter,  and  a  stroke 
of4ft.6inc.  in  length,  and  drew  after  it  upon  the  rail-road 
umany  carriages  as  carried  ten  tons  of  bar  iron,  from  a 
distance  of  nine  miles,  which  it  performed  without  any 
lupply  of  water  to  that  contained  in  the  boiler  at  the 
time  of  setting  out,  travelling  at  the  rate  of  five  miles 
>nhour. 

It  appears   that   the   more   general    adoption    of    thia 
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nacbine  waa  prevented  by  a  fear  that  the  wbeeh  wo«M 
not   adhere    sufficiently    to    the   surface    over    which  it 
passed,    but   that   they    would   slip   round   withoal   pr9» 
ducing  loco-motion,  when  any  considerable  load  was 
tached  to   the  machine.     To  obviate  ihis  $m€Ujiited  ^B 
culty,  Mr.  Blcnkinsop,  of  Middleton  Colliery,  near 
obtained  a  patent,  in  181],  fur  the  application  of  a  rack 
toothed  rail,  laid  down  on  one  side  of  the  railway  froa 
end  to  end.     Into  this  rack  a  toothed  wheel  h  worked  hy 
the  steam  engine:  the  revolution  of  which  wheel  prodaoi 
the  necessary  motion,  without  any  of  the  slipping  alluded  ta. 
The  accompanying  figure  will  convey  to  our  readanto 
idea  of  Mr.  Blenkinsop*s  plan.     The  boiler  x  n  plica^ 
on  a  wooden  or  cast-iron  frame  y.     Through  tt^  iatencr 
passes  a  wrought-iron  tube  of  sufficient  diameter  to  hcHi 
the  fire  and  grate;  this  tube  is  carried  out  at  the  fartW 
nid  of  the  boiler,  when  it  is  bent  upwards  and  contiaac^ 
sufficiently   high  to  form  the  chimney  z,     a  a  are  («• 
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norling  cylinders  6xed  in  the  boiler,  and  which  work  in 
(ke  usual  way;  the  piston  rods  are  connected  by  cross 
becd^  to  the  connectinc^  rods  h  6.  These  connecting  rods 
ire  brought  down  on  each  side  of  the  boiler,  and  there 
joined  to  the  cranks  cc,  (there  being  corresponding  cranks 
on  the  other  side  of  the  machine)  which  are  placed  at 
right  angles  to  each  other,  consequently  the  two  cranks 
on  the  fiTTSi  shaft  are  horizontal  and  at  their  greatest  power, 
at  the  time  the  other  two  are  passing  the  centre.  Upon 
theftesha(\s  are  fixed  (under  the  boiler)  two  small  toothed 
«heeh,  which  give  motion  to  a  larger  toothed  wheel  €y 
filed  upon  a  third  axle.  A  toothed  wheel,  /,  is  firmly 
kf^yed  to  the  end  of  the  central  axle,  and  revolves  with 
the  wheel  e.  The  teeth  of/  correspond  with,  and  work 
iato  a  rack,  R  R,  stretched  along  one  side  of  the  railway. 
Motion,  therefore,  is  given  by  the  pistons  to  the  wheels 
rfd,  which  they  communicate  to  the  wheel  ^by  e:  a  pro- 
grrssire  nioveuient  is  given  to  the  carriage  by  the  teeth 
of/ taking  hold  of  the  rack. 

By  this  means  the  load  can  be  drawn  up  a  greater  ac- 
clivity than  by  the  machine  of  Messrs.  Trevithick  and 
Vivian,  the  only  objection  being  that  the  power  i^  applied 
ou  one  side  only,  which  must  have  a  tendency  to  force  the 
flang<^  or  projecting  rims  of  the  supporting  wheels,  against 
the  (^dges  of  the  rails,  by  which  an  extra  friction  would  be 
produced.  This,  however,  is  a  trilling  inconvenience,  and 
ia  Dot  found  in  practice  to  deduct  much  from  the  effect  of 
ihf  engines,  several  of  which  have,  since  the  date  of  the 
patent)  been  in  constant  use  in  drawing  coal  waggons  be- 
tween Middleton  Colliery  and  Leeds. 

In  the  year  1813,  Mr.  William  Brunton,  of  Butterly 
Iron  Works,  also  obtained  a  patent  for  a  mode  of  giving 
motjon  to  carriages  by  a  very  novel  contrivance. 

Tbc  present  engraving  represents  this  Loco-motive 
Engine,  which  he  terms  his  "  mechanical  traveller,*^ 
"  The  boiler  was  nearly  similar  to  that  of  Mr.  Blcnkinsop^s 
Krmi«circular  (circular);  there  was  a  tube  passing  through 
it,  to  contain  the  fuel.'*  The  cylinder  A  was  placed  on 
one  side  of  the  boiler;  the  piston-rod   is  projected  out 
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behind  horizontally,  and  is  attachrd  In  thp  le|^  a  h^  at  tf^ 
and  to  the  reciprocating  lever  a  c,  nhich  is  Bxed  at  c;at 
the  lower  extremity  of  the  leg  a  by  feet  are  attAched  by  a 
joint  at  6;  these  feet  lay  a  firmer*hold  upon  the  i^round, 
tieirig  furnished  with  short  prongs,  which  prevent  them 
front  }4lippingf  and  are  sufficiently  broad  to  prevent  ibesr 
injuring  (he  road. 


{Uruntons  ''  Mfchanival  Travelkr^'*  1813.) 
On  inspecting  (he  drawing,  it  will  be  seen,  that  whrntW 
piston-rod  is  projected  out  from  the  cylinder,  it  will  tcod 
lo  push  the  end  of  the  lever  or  leg  a  from  it,  in  a  dircclioi 
parallel  to  the  line  of  the  cylinder;  but  as  (he  leg  aft  b 
prevented  from  moving  backwards,  by  the  end  6  beisi| 
firmly  fixed  upon  the  ground,  the  re-action  is  thrown  upoa 
the  carriage,  and  a  progressive  motion  given  to  it,  and  ibi 
will  be  continued  to  the  end  o^  the  stroke.  IJpoa  tW 
reciprocating  line  a  c  is  fixed  at  I,  a  rod,  I,  S,  3,  %y^it^ 
horizontally  backwards  and  forwards  upon  the  topoftV 
boiler;  from  2  to  3  it  is  furnished  with  teeth,  which  won 
into  a  cog-wheel,  lying  horizontally;  on  the  opposite <t4» 
of  this  cog-wh>L'el  a  sliding  rack  is  fixed,  similar  to  I,  %%9 
which,  as  the  cog-wheel  is  turned  round  by  the  vlidin^ 
rack,  %  3  is  also  moved  backwards  and  forwards.  Tb^ 
i-nd  of  this  sliding  rod  is  fixed  upon  the  rcciprocAti*V 
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iSwer  d  f,  of  the  leg:  d  e,  at  4.    When,  therefore,  the  slidi 
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rack  in  uioved   forwards   in   the  direction  3,  2,  I,  by  the 
progressive  motion  of  the  engine,  the  opposite   rod,  4,  is 
moved  in  the  contrary  direction,  and  the  leg  d  e  is  thereby 
drawn  towards  the  engine;  and,  when  the  piston  rod  i»  at 
the  farthest  extremity  of  the  stroke^  the  Jeg  de  will  be 
brought  close  to  the  engine;  the  piston   is  then  made  to 
return   in   the  opposite  direction,  moving  with  it  the  leg 
aft^and  al^o  the  sliding  rack  I,  2,  S;  the  sliding  rack  act- 
ins  on  the  toothed  wherl,  causes  the  other  sliding  rod  to 
move  in   the  contrary  direction,  and  with  it  the  leg  d  c. 
Whenever,  therefore,  the  piston  is  at  the  extremity  of  the 
stroke,  and  one  of  the  legs  is  no  longer  of  use  to  propel 
tKe  engine  forward,  the  other,  immediately  on  the  motion 
of  (he  piston  being  changed,  is  ready  in  its  turn,  to  net  as 
afolcrum  or  abutment  tor  the  action  of  the  moving  power, 
to  secure  the  continual  progressive  motion  of  the  engine. 

The  feet  are  raised  from  the  ground  during  the  return 
of  the  Icg^  towards  the  engine,  by  straps  of  leather  or  rope 
fastened  to  the  legs  aiff,  passing  over  friction  sheeves, 
moveable  in  one  direction  only,  by  a  ratchet  and  catch, 
worked  by  the  motion  of  the  engine.  The  feet  are  de- 
scribed of  various  fornis  in  the  specificatinn,  the  great  ob- 
ject being  to  prevent  them  from  injuring  the  road,  and  to 
obtain  a  firm  fooling,  that  no  jerks  should  take  place  at 
the  return  of  the  stroke,  when  the  action  of  the  engine 
^me  npon  Ihoin:  for  this  purpose  they  were  made  broad, 
with  short  spikes  to  lay  hold  of  the  ground.* 

The  next  attempt  we  find  to  produce  a  loco-motive 
stettn  engine  is  in  the  patent  of  Messrs.  Dodd  and  Ste* 
pbenBon,  of  Newcastle  upon  Tyne.  The  patent  was  dated 
February  28,  1815,  and  consisted  of  the  application  of  a 
pin  upon  one  of  the  spokes  of  the  wheels  that  supported 
*he  engine,  by  which  it  travelled  upon  the  rail-road,  the 
lower  end  of  the  connecting  rod  being  attached  to  it  by 
what  is  termed  a  ball  and  socket  joint;  the  other  end  of 
Ibe  connecting  rod  being  attached  to  the  cross-beam, 
*orled  up  and  down  by  the  piston. 
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a  h  represents  (he  connecting  rod,  the  end  a  atti 
to  the  cross-beam,  and  the  end  6  to  one  of  the  spoltl 
the  wheel;  in  like  manner  the  eud  c/,  of  the  conni 
rod  c  dj  19  attached  to  the  beam  of  the  other  pUton.  indi 
and  c  to  a  pin  fixed  in  the  spokes  of  the  wheel  B.  B)i 
these  means,  the  reciprocating  motion  of  the  pi!;ton  naA 
connecting  rod  is  converted,  by  the  pin  upon  the  spokN 
acting  as  a  crank,  into  a  rotary  motion,  and  the  continoi- 
tion  of  this  motion  secured  by  the  one  pin  or  crank  beii| 
kept  at  right  angles  to  the  other,  as  shewn  in  the  drawiig. 

To  effect  this,  the  patentees  had  two  methods  ;  locnidi 
the  axle  on  which  each  of  the  wheels  were  6xed,  wilka 
connecting  rod  between,  to  keep  them  always  at  the  aoj^C] 
with  respect  to  each  other;  or  to  use  a  peculiar  sort  of 
endless  chain,  par^sing  over  a  toothed  wheel  on  each  bxW. 
TItis  endless  chain  consisted  at  first  of  one  broad  and  IVO 


{Lvsh  *S  ^HfpJieujiuu'ii  Cfrrri.ujc.     ISJ5.) 


BAILWAT  CARRIAGE.  327 

'  links,  alternately  fastened  together  at  the  ends 

its  ;  the  two  narrow  links  were  always  on  the  out- 
he  broad  link  ;  consequently,  the  distance  they 
krated  laterally  would  be  equal  to  the  breadth  of 
d  link,  which  was  generally  about  two  inches,  and 
ftDgth  three  inches.  The  periphery  of  the  wheels 
■An  the  axles  of  the  engine,  were  furnished  with 
Rejecting  from  the  rim  of  the  wheels,  (otherwise 
iy  circular  and  flat)  about  an  inch  or  one  and  a 
bk  When  the  wheel  turned  round,  these  project- 
p  entered  between  the  two  narrow  links,  having  a 
Unk  between  every  two  cogs,  resting  on  the  rim  of 

tpl ;   these  cogs,  or  projections,  caused  the  chain  to 
nnd  with  the  wheel,  and  completely  prevented  it 
lipping  round  upon  the  rim.     When,  therefore,  this 
laid  upon  the   two  toothed   wheels,  one  wheel 
»t   l>e    moved    round   without  the   other  moving 
lb  it  ;  and  thus  secured  the  proper  angles  to  the 

>de  of  communicating  the  action  of  the  engine, 
wheel  to  another,  is  shown  in  the  drawing;  the 
and  B  having  each  projecting  cog-wheels,  round 
endless  chain  passes.    This  contrivance  entirely 
td  the  use  of  the  cog-wheels,  and   were  without 
ts  or  jerks  incident  to  them;  for,  when  the  chain 
by  frequent  use,  or  was  stretched,  so  as  to   be- 
long, one  of  the  chains  of  the  axles  could  be 
kck  to  tighten  it  again,  until  a  link  could  be  taken 
the  chain  was  moved  back  again  to  its   former 

be  seen  from  this  description  that  Messrs.  Dodd 
improvement  consisted,  therefore,  of  a  renova- 
'revithick^B  plan  of  propulsion  by  the  mere  fric- 
roduced  by  the  contact  of  the  wheel  and  rail.  The 
Daterial  difference  between  the  two  plans  being  in 
ling  of  two  cylinders  instead  of  one,  and  in  the 
d  of  connecting  the  axles  so  as  to  cause  the  cranks 
iue  working  at  right  angles  to  each  other.  The 
of  this,  it  will  be  understood,  was,  that  when  the 
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one  crank  was  what  is  called  passing  the  centre,  (he  olhcr 
was  at  its  greatest   power,  and  consequently  aided  the 
former  in  its  revolution,  when  for  want  of  a  fly-wbeel  k 
would  have  to  stop  in  that  situation.     It  would  apfwv 
however  that  this  plan  was  found  insufficient  to   prodsM 
a  proper  effect,  for  we  find   that  Mr.  Stephenson,  in  c«t« 
Junction  with  Mr.  Losh,  procured  a  second  patent  in  lSI4v 
for  some  improvements   upon   i<.      These  improveiMali 
consisted    in   the   application   of  steam   cylinders  plMtti 
under  the  boiler  and  upon  the  axles  of  the  wheels:  ioto 
which  were  inserted  pistons,  the  rods  of  which   were  at* 
tuched    to  bearings  wherein  the  axles   worked.       Tbnt 
pistons  being  acted  upon  by  the  steara  in  the  boiler,  pt^ 
formed  (he  part  of  spring,  and  served  the  double  poqNW 
of  keeping  all  the  wheels  pressed  upon  the  rails,  (whM, 
owing  to  any   undulations,  (here  would   otherwise  kaft 
been  a  tendency  in  the  carriage   to  hare  rested  oalf  m 
three,  or  perhaps  in   some   instances  on   but  (wo  of  tW 
wheels,)  and  of  preventing  any  material  injury  to  (hi 
machinery  by  jolts.     The  drawing  which  we  use  for  ex- 
planation is  the  same  as  Dudd  and  Co.*s,  and  shewv  mt 
wheels,  but  by  trial  it  has  been  found  (Rat  four  wereqali 
sufficient. 

The  patentees  state,  that — 'Hn  what  relates  lo  (1» 
loco-motive  engines,  our  invention  con^iiata  io  attstaiaiil 
(he  weight,  or  a  proportion  of  (he  weight  of  (he  eagiat 
upon  pistons,  moveable  within  cylinders^  into  which  ite 
ateaiD  or  water  of  the  boiler  is  allowed  to  enter,  ia  m4v 
(o  press  upon  such  pistons  ;  and  which  pis(onB  are,  by  iht 
intervention  of  certain  levers  and  connecting  ro<lft,orl9 
any  other  effective  contrivance,  made  to  bear  upon  tht 
axles  of  the  wheels  of  the  carriage,  upon  which  ibe 
rests." 

eeeshew  the  cylinders  placed  within  (he  boiler, 
aide  of  which,  in  the  drawing,  is  supposed  to  be 
lo  expose  them  to  view.     They  are  screwed  by  tfaafii  tv 
one  side  of  the  boiler,  and  project  within  it  a  few  ibcImiI 
and  are  open   at   (he  top,   to   the  steam  or  water  ia  (At 
boiler;  yyg^re  tfolid  pistonsi  fiUiijg  the  igterior  of 
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cylinders,  and  packed  in  the  common  way  to  render  them 
iteam  light.     The  cylinders  in   the    figure  are   drawn  aa 
euc  through  the  middle  to  shew  the  pistons.     The  cylin- 
der IS  also  opened  at  the  bottom,  and  is  screwed  upon  the 
frame  of  the  engine,  as  represented  at  a  a,  fig.  2.  The  pis- 
tons are   furnished  witli   a  rod,  in  a  similar  way  to   other 
pistons,  inverted  and  securely  fixed  to  it;  the  lower  end 
of  which  passes  throufrh  a   hole  in  the  trnme   which   sup- 
ports the  engine^  and  presses  ujpon   the   chair  which   rests 
on  the  axis  of  the  wliecls  on   which   the  carriage  moves. 
Tbe  chair  has  liberty  to  move  up  and  down  with  the  pis- 
ton rod.     When,  therrrore,   the  steam   presses  upon   the 
piston,  the  weitipht  is  transmitted  to  the  axle  by  the  piston 
rod,  nnd   (he    re-action   of  that    pressure   lakes   as   much 
weight  of!'  the  engine.     If,  therefore,  the  cylinders   be  ot 
safflrient  area,  so  that  the  pressure  of  the  steam  upon  the 
obole  of  the  piston  be  e(|uu]  to  the  weight  of  the  engine, 
tkecngine  will   be  lifted  up,  as  it  were,  or  entirely  sup- 
ported by  the  steam,  which  thus  forms  a  kind  of  spring  of 
the  nicest  elasticity. 

The^  loco-motive  engines  have  been  long  in  use  at 
Ktlhngworth  colliery,  near  Newcastle,  and  at  Hetton 
Colliery,  on  theWeur,so  thai  their  advanlag;cs  and  defects 
li>\e  been  sufficientK  submitted  to  the  test  of  experimeftt ; 
md  rt  appeal's  that,  notwiihstandintf  the  great  exertions 
on  the  part  of  the  inventor,  Mr.  Stephenson,  to  brinj? 
iheni  into  use  on  the  ditTerenl  rail-roads,  now  either  con- 
structing or  in  agitation,  it  has  been  the  opinion  of  several 
able  engineers,  that  they  do  not  possess  those  advantages 
•hich  the  inventor  had  anticipated;  indeed,  there  cannot 
bp  a  better  proof  of  the  doubt  entertained  regarding  their 
ulilitv  than  the  fact,  that  it  has  been  determined  that  no 
loro-moti\o  engines  shall  be  used  in  the  projected  rail- 
roiid  between  Newcastle  and  Carlisle,  since,  had  their  ad- 
Tintages  been  very  apparent,  the  persons  living  immedi- 
■lelv  on  the  spot  in  which  they  are  used,  namely,  New- 
rastle,  would  have  been  acquainted  therewith. 

The  principal  objections  appear  to  be  tJie  difficulty  6f 
lurmounting  even   the  slightest  ascent;    for  it  has  been 
15.  2n 
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found  that  a  rise  of  only  oue-eighlh  of  an  inch 
or  IS  feet  in  a  mile,  retards  the  speed  of  one  of  these  i 
gincs  in  a  very  great  de«^rce ;  so  touch  so,  indeed,  that 
has  been  considered  necessary^  in  some  parts  where  ill 
are  used,  to  aid  tlieir  a.scent  with  their  load  by  fixed  I 
gines,  which  drag  them  forward  by  means  of  ropes  coil| 
round  a  drum.  The  steam  cylinders  below  the  boill 
which  constituted  the  patent,  were  found  very  defiNrtii 
for,  in  the  ascending  stroke  of  the  working  piston^  ih 
were  forced  inwards  by  the  connectinj^  rod  pulling  atti 
wheel  in  turning  it  round,  and  in  the  descending  tflrol 
the  same  pistons  were  forced  ae  much  outwards;  t^ 
motion  or  ploy  rendered  it  necessary  to  increase  the  leng 
of  the  working  cylinders  as  much  a^i  there  was  plaiy  in  l) 
lower  ones,  to  avoid  the  danger  of  breaking  or  serioai| 
injuring  the  top  and  bottom  of  the  former  by  thcstriki^ 
of  the  piston,  when  it  is  forced  too  much  up  or  down.  J 
our  meaning  may  not  be  fully  comprehended  witbol 
elucidalion,  let  uh  imagine  the  cylinder  of  a  common  IM 
engine  to  be  set  upon  springs,  which  have  a  play  of  one  led 
the  weight  of  the  cylinder,  when  at  rest,  depresses  tl 
Ipringfiix  inches,  but  if  the  engine  be  put  in  motion,  fA| 
'«fl  the  piston  ascends  and  gives  motion  to  the  machincfj 
the  springs  below  the  cylinder  being,  as  it  were,  tbeahi 
ment  upon  which  the  steam  acts,  are  forced  downward 
against  their  seat,  with  precisely  the  force  that  the  pis(t| 
exerts  in  overcoming  the  resistance  of  the  machinery*  J 
like  manner  when  the  piston  descends,  as  much  wei^t^ 
pressure  will  be  taken  off  these  springs  by  the  same  meftij 
The  cylinder  would,  therefore,  vibrate  or  dance  upoo  l| 
hearing  springs ;  and,  as  the  motion  which  it  thun  obtsil 
is  the  reverse  of  the  motion  then  given  to  the  ptstoo,  tl 
length  of  the  cylinder  should  be  lengthened  to  allow  m 
the  extreme  vibration  to  which  it  is  liable.  A  quantity  t 
steam  would  therefore  be  lost  in  filling  up  thi!»  ext|| 
length  of  the  cylinder  at  each  stroke.  This  would  aM 
happen  if  the  cylinder  were^xedaa  usual,  and  the  c«rrug4 
of  the  crank  and  fly  wheel  supported  upon  springs,  aM 
ibis  arrangement  would  then  be  exactly  the  same  in  pni 
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't\\Ae  and  cffi'ct  as  thi!  parts  of  (he  loco-iuotive  engine  to 
which  we  now  allude. 

Several  patents  have  likewise  been  obtained  for  loco- 
motive engines,  applicable  to  the  common  roads,  namely, 
that  ofMr.  Julius  Grillith,  in  1821;  of  Mr.  Samuel  Brown, 
tQ  1823;  of  Mr.  James,  in  the  same  year;  of  Mr.  W.  H. 
James,  in  1824  ;  and  Mr.  D.  Gordon,  in  the  same  year. 

The  only  two  machines  which  have  had  any  thing  like 
a  trial,  appear  to  be  those  of  Mr.  Goldaworthy  Gurney, 
and  of  Messrs.  Burstall  and  Hill,  both  patented  in  1826. 

The  propelling  apparatus  of  Mr.  Gurney's  engine  com- 
bines the  principle  of  Mr.  Trevilhick's  engine,  with  that 
of  Mr.  Drunton'«j;  namely,  Mr.  Trevithick^s,  in  its  being 
moved  by  the  adhesion  between  the  wheel  and  the  sur- 
face of  the  ground;  and  Mr.  Brunton^s,  in  its  being  aided 
in  the  ascending  parts  of  the  road  by  a  species  of  legs  or 
CTutchesj,  which  can  be  called  into  operation  at  the  will  of 
Ihe  guide.* 

Mr.  Gordon*s  patent  consists  in  attaching  a  continuous 
series  o''  propellers  to  revolving  cranks,  instead  of  only  a 
pair  with  a  reciprocating  parallel  motion,  as  used  by 
Brunton.+ 

Messrs.  Burstall  and  Hill's  engine  is  upon  the  principle 
ofMr.  Trevithick*s,  that  is,  it  is  propelled  by  the  adhesion 
between  the  wheel  and  the  surface  of  the  ground.^ 

There  are  engines  on  both  these  principles,  namely, 
(boiiewith  the  propellers,  and  on  Mr.  Trevithick's  plan, 
in  successful  operation;  we  allude  to  Mr.  Blenkinsop's, 
&t  Middleton  Colliery,  and  Messrs.  Losh  and  Stephen- 
ton\  at  Killingworth,  Hetton,  and  other  Collieries;  and 
un  the  Stockton  and  Darlington  Railway.  The  advantage 
'•bich  the  propelling  apparatus  possesses  over  the  ma- 
tbines  which  arc  driven  by  the  contact  only,  are,  that  on 
*  railway  they  are  able  to  surmount  a  greater  ascent. 
But  it  does  not  follow  on  this  account  that  such  a  pro- 
pelling apparatus  will  be  found  advantageous  in  travelling 
oo  the  common  roads,  because  a  railway  being  a  smooth 


*  Described  in  Append  x 


t  Ditto. 


X  Ditto. 


caunot  occasion  any  serious  injury.  But  wedollf 
tbe  advantage  on  a  common  road,  because,  aa  M 
of  that  i^  used  by  the  vehicles  of  all  descriptioi 
•uccesiiively  pas»  over  its  surface,  it  in  ab^oUilelyl 
to  preserve  every  inch  of  it  as  level  as  possibU 
such  a  level  as  this,  we  fear,  can  never  be  prei 
roadti  subject  to  the  action  of  propellers,  and  || 
oo  those  parts  of  theui,  which,  above  all  others,  0 
be  kept  perfectly  level,  t'lz*  the  steepest  ascents.  || 
comes  a  question,  whether  or  not  a  steam  carriaM 
ble  of  ascending  all  the  ordinary  hills  of  a  roadg 
the  aid  of  the  propelling  legs.  Experiments  foq 
entertain  this  opinion,  because,  on  such  hill^,  Mf) 
has  found  it  always  necessary  to  put  his  prope] 
into  action. 

The  argument  which  is  used  against  our  opii 
the  roads  will  be  injured  by  the  use  of  the 
is  that  they  resemble  in  their  action  a  horse's 
which  it  is  evident  that  the  roads  sustain  little  iai 
there  is  a  wide  difference  between  the  action  of 
foot,  and  the  propellers;  the  moment  a  hoi 
placed  on  the  ground,  it  becomes  the  centre  of 
to  a  certain  portion  of  the  weight  of  his  body, 
tion  moves  in  a  segment  of  a  circle,  over  tbe  pal 
the  temporary  axis,  the  leg  being  the  radius.  Tl 
nf  the  ground,  therefore,  merely  sustains  a  P^^M 
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ttram  carriiige.     Here  a  solid  body  is  forcing  forward  a 

Icavy  vehicle,  by  a  considerable  power  pui^hiiig  upon  the 

road,  admitting  that  the  propellers  would  act  in   a  hori- 

contal  direction,  or  could  accommodate  themselves  to  the 

undolation  of  (he  road,  still  the  angular  pressure  must  be 

cxci*ssive,  and  in  cases  of  increased  resistance  must  of  ne- 

CMBity  either  break  the  propeller,  tear  up  the  road,  or 

iTTerlurn  the  carriage  ;   but  where   the  propeller  revolves 

uf>on  a  centre,  as  in  Mr.  Gurney*s  machine,  it  must  of  ne- 

ocffiity  either  lift  the  carriage  off  its  wheels,  or  make  a  hole 

in  the  road,  when  acting  in  its  vertical  position. 

These  are  some  of  the  difliculties  which  are  to  be  sur- 
mounted, before  steam  carriages  can  be  brought  into  use- 
ful operation  ;  even  then  a  question  arises  as  to  their  supe- 
riorily  over  the  present  mode  of  travelling,  either  in  point 
of  convenience  or  ifxpense.  It  appears,  by  the  report 
of  the  Darlington  and  Stockton  Railway  Company,  that 
*he  saving  effected  by  the  use  of  loco-motive  engines,  in 
pUce  of  horses,  on  that  Railway,  is  about  a  third.  This, 
be  it  remembered,  is  on  a  railway  constructed  for  the 
conveyance  of  coals,  and  consequently  where  fuel  is 
»liiiost  valueless. 

Thij  fact  is  startling  ;  because,  if  the  saving  be  so  trifling 
wbvre  ihe  cost  of  coal  is  not  a  twentieth  part  of  what  it 
11  in  some  parts  of  the  kingdom — where  is  the  advantage 
^Ucb  steam  carriages  possess  ? — not,  at  any  rate,  in  the 
Iving  of  expense. 

Bui,  whatever  may  he  our  opinion  of  what  has  hitherto 
iwii  done  towards  the  success  of  this  noble  project,  we 
Hnve  no  right  to  form  any  conclusion,  as  to  what  may 
Iw  hereafter  effected.  It  is  well  known  that  greater  diffi- 
cuUies  than  any  of  these  have  been  overcome,  by  talent 
*iid  perseverance  ;  ami  there  is  no  reason  to  doubt,  but 
that  other  Newcomens,  and  Smeatons,  and  Walls  will 
■rise,  to  vanquish  those  which  remain. 
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SECTION  l. 

rHB  MATCRB  AND  PUOPCRT1E8  OF  STEAM  AND  OTIIBR 
VAPOUICfl,  WHOSE  ELASTIC  FORCES  HAVE  BEEN  PRO- 
POSED OR  EMPLOYED  AS  MECHANICAL  AGENTS  FOR 
PROPBLLINn  MACHINERY,  INCLUDING  A  DISSERTA- 
TION ON   THE  EFFECTS  OF  HEAT.* 

Prbvioublv  to  treating  of  (he  eflTects  of  steam,  it  will  be 

Mceeary  to   notice  tlie   circiimstiinces  connected  wUh   Its 

kfoduction ;  and  this  will  nuttiiallv  lead  to  an   investi^'a- 

lion  of  the  effects  of  heat,  in  causing;  the  bodies  to  assume 

Ike  solid,   liquid,   or   aeriform   states,   according    to   the 

Quantity    of  heat   in    combination    with   them;    without, 

owerer,  entering  upon  the  subtle  question,  whether  heal 

material,  as  it  is  supported  to  be  by  Pictel,  Murray  and 

thers,  or  whether  the  cause  of  heat,  or  the  effects  ascribed 

heat,  arise  from   the  motion  amongst  the  particles  of 

tes,a3  is  supposed  to  be  the  case  by  the  no  less  eminent 

ilotopbers,    Bacon,   Newton,   Boyle,   Ruinford,    Da^y, 

Ottog,  &c.  but  merely  to  investigate  its  various  effects  on 

ies.      In    this    inquiry,   it   is   immaterial    which    of  the 

ries  is  adopted,  ns  most  of  the   phenomena  connected 

Ik  the  subject  may  be  explained  by  either. 

One  of  the  most  obvious  properties  of  heat  is  to  increase, 

keo  combined  with  other  bodies,  their  magnitude,  as  the 

lowing  simple  experiment  will  shew. 


^  The  writer  of  thii  article  ha«  to  acknowledge  valuable  informa- 
obtained  from  the  works  of  ArooU,  Biot.  Black,  Rol  iu«on,  Wntl, 
dfMrtiCMlftrW  from  the  Pliilosupbitnl  Trtirisactlons. 
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Fill  with  mercury  a  hollow  glass  globe 
attached  a  very  fine  tube.  The  mercur)'  in  t 
be  increased  in  size,  or  expanded  by  the  applia 
heat,  and  will  occupy,  in  addition  to  the  hollo«< 
portion  of  the  tube.  And  thus,  from  the  differenc 
cnpucittes  of  the  ball  and  tube,  a  very  slight  ia 
the  size  of  the  mercury  is  rendered  apparent 

An  instrument,  precisely  of  this  form,*canrd  al 
meter,  has  been  ingeniously  applied  to  uscerti 
enable  us  to  record  a  great  variety  of  phenome 
nectcd  wi(h  heat.  The  thermometer  bulb,  or  holU 
being  filled  with  mercury,  as  above  described,  lira 
plied  till  the  mercury  fill^  the  tube  as  well  as  tl 
The  air  beino;  thus  expelled,  the  tube  is  hrrm 
closed  at  the  top,  and  then  attached  to  a  scale,  so  i 
that  when  the  instrument  is  plunged  into  frcezioji 
the  surface  of  the  mercury  stands  at  3*2",  hence  ctl 
freeziTig  point;  and  when  it  is  plunged  into  boiliit| 
the  mercury  rises  to  '212",  called  the  boiluig  poini 
space  between  these  points  is  divided  into  ISO  < 
and  the  divisions  are  carried  above  the  one  and  be 
otber,  in  such  a  manner  a«  to  indicate,  by  the  alii 
the  mcrcurVj  the  changes  in  the  temperature  Af  tl 
to  which  the  thermometer  is  applied.  The  lixiui 
boiling  point  of  water  at  312"  is  perfectly  arbiira 
it  is  marked  differently  vn  different  scales;  but 
above,  introduced  by  Fahrenheit,  are  the  most  con 
this  country,  they  will  be  invariably  adopted  in  this 

The  freezing  point  on  the  scale  of  Reaumur's  i 
meter  is  marked  0,  and  the  boiling  point  80";  so 
proportion  of  the  divisions  on  Fahrenheit's  seal 
on  Reaumur*s,  is  as  ISI)"  is  to  80",  or  as  1>  is  to  4J 
is  another  scale  of  divisions,  introduced  by  Ce 
called  the  Centigrade  Scale,  on  which  the  freezin 
is  marked  0,  and  the  boiling  point  100".  So  that  ll 
portions  of  the  divisions  on  this  ?cale,  to  tho^e  ou  I 
belt's, ^are  as  100*  to  ISO*,  or  as  5  to  9.  From  the* 
the  degree  of  temperature  indicated  by  one  ihemi 
can  be  easily  converted  into  that  which  would  h 
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ed   by  another;   but  as  llic   llierniomelers 

both  of               1 

lur  and  Celsius,  are  much  in  use  on  the  Continent,  it                1 

»9   important  to  have   ready  means  of  comparison. 

r  that  purpose  the  following  Table  has  been  intn>-               | 

TABLE  I. 

1  Urn  (ttntipcntiimy  Drjfi'ef^M  oh  Ike  Thtrmometers  rf  Paktenheii,                   j 

Rtautnui\  and  CeUitu. 

■.    r»«n. 

»Mr. 

Hmmm.    r»iin. 

r«kr.    Km  MM.    CMiL 

FMr. 

■MW*.     0*«. 

100 

I<t5 

51».l      73  K 

Ilrt     38.2     47,7 

71 

17.3     'il.6 

ft     W,4 

164 

5H.fl     73,3 

117     377     47.2 

70 

16.8     21.1                      , 

1   im.v 

Ifi3 

5K.2     72.7 

116     37.3     46.6 

00 

16.4     'iO.5                       ^ 

a  M.3 

162 

57.7     72.2 

tl.'j     36. H     46.1 

68 

16        20 

i    tf7.H 

161 

57,3     71.6 

114      36.4     45.5 

67 

15.5     li*.4                       1 

7    »7.« 

1«0 

56.8     71.1 

113     36         45 

66 

15.1      18,8 

3    1W.7 

159 

56.4     7U.5 

112     35.5     44.4 

65 

14.6     18.3 

i    IM.I 

15« 

56        90 

111     35. 1     43.8 

64 

14,9      17.7 

•    96.5 

15? 

55  5     69  4 

110     34.6     43.3 

63 

13.7      17.2 

05 

156 

55.1     OH.M 

100     34.2     42.7 

62 

13.3      16.6                        . 

6    UA 

155 

54.6     <»H3 

108     33.7     42.8 

61 

12.8      16. 1                        1 

l    »3.8 

154 

54  2     67.7 

107     33.3     41.0 

60 

12.4      15.5                        3 

P    03.3 

153 

53,7     67.2 

T06     32.8     41.1 

50 

19        |5                         ] 

■    W.7 

159 

53  It     66.6 

IU&     ;»2.4     40.5 

m 

11.5     14.4                        1 

E  n.i 

151 

52.8     (Wt.l 

104     32         40 

57 

111      13.8 

1    «1.0 

150 

52.4     fi5.5 

K^     31.6     90.4 

56 

10.6     13.3 

\  fli.l 

HO 

53         65 

102     31.1     38.8 

55 

10.2     12.7 

1     90.5 

H8 

51.5     64.4 

101     30.fl     38.3 

54 

0.7     12.3 

90 

147 

51,1      U».|l 

100     30.3     37.7 

53 

4.3     1 1.6 

Htf.4 

1-lrt 

50  6     63.3 

00     20.7     37.2 

52 

8.8     11.1 

HH.6 

145 

r»0.2     62.7 

9H     -20.3     :»6.6 

51 

8.4     10.5 

H«ll 

144 

40.7     62.9 

07     38.8     36.1 

50 

8        10 

W.7 

113 

m.3     61.6 

iWi     2H.4     35.5 

49 

7.5       P.4 

p^A 

U2 

4H.H     61. 1 

t^    ^        35 

48 

7.1       8.8 

\    M.11 

Ul 

4«.4     BO  5 

04     27-5     34.4 

47 

6.6       6.3 

8ai 

140 

4H         61) 

03     27. 1      33.8 

46 

6.2       7  7 

85.5 

m 

476     5ft4 

02    96.«     33.3 

46 

5.7       7.2 

05 

I3H 

47.1      5H.H 

01      2»i.2     32.7 

44 

5.3       6.6 

1    84.4 

137 

46.6     5K..T 

00     2.V7     32.2 

43 

4.6      6.1 

ta-% 

13A 

40.2     57.7 

80     25.3     31  ^ 

42 

4^     a.5 

83.d 

135 

45.7     57.2 

88     9t  8     31  1 

41 

4          5 

H2.7 

131 

45..-I     56.6 

87     24.4     ;i0.5 

40 

3.5       4.4 

•9.9 

133 

44.8     56.1 

86     94        30 

30 

31        3,8 

(ft.O 

132 

44.4     5:1.5 

N5     23-5     21>.4 

38 

2-6       3,3 

81.1 

131 

44        55 

M     2»  1     i8.8 

97 

2.2       9.7 

.   60.5 

1.10 

43.5     54.1 

S3     2*2  6     28.3 

36 

1.7       2.2 

«0 

120 

43.1      .S3N 

H2     2-2-2     27.7 

a% 

1.3       1.6 

79J 

198 

49.0     5J.3 

«1     21.7     37.2 

34 

0.8       1  1 

7H,S 

127 

42.2     5.»  7 

nn    21.3    2*(.6 

33 

0-4       0.5 

7H.3 

i-2rt 

41.7     5^2 

7(1     20.8     26.1 

33 

0           0 

77.7 

12:1 

41.3     516 

7H     20.4     23.5 

3!  . 

.^0.4     -0.5 

77.2 

124 

I0«     M.I 

77     2>         25 

30  . 

_0.H  _|.I 

76.ti 

123 

40  4     50.5 

76     10.5     9J.4 

20  - 

-13  —1.6 

76.1 

U'2 

40         50 

75     10.1     23.8 

28  - 

-1  7  —2.2 

,    75.5 

121 

30.5     40.4 

74     18  6     23.3 

27  - 

-2  2  —2.7 

76            120 

30. 1     44.8 

73     18.2     22  7 

26  - 

_-i,6  —3,3 

74.4      no 

38.6     483 

72     17.7     22.2 

25  —3.1  — 3.H                        1 

ft 

2i 

1 

1 

1 

J    ^ 
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Vakr.    DMMb      CVD'i. 

Vskf.     ltr«uM,       (.■«ll<. 

rabr.      IIMHM.        C*«r|. 

»Ar.     MI 

S4    —3.5    —4.4 

7—11.1  — I3N 

_g_|H2_ti.7 

-t5— « 

S3    —4       —A 

tt— II.5  —14.4 

—  10  —  iH.fl  — 13.3 

-26  — « 

«9    —4.4    —5.5 

5—12      —15 

—  U  — IP.l  —2.1.8 

-27— « 

«|    —4.8    —6.1 

4  —12.4  —15.5 

— 1«— 10.4— <<.« 

— «H  —m 

^    —6.3    ~6.6 

3  — I2,*t  —  Ifl.I 

—13  —20      —25 

— «»— « 

19    —5.7     —7.2 

4  —18.3  —10.6 

—  14  — aO.4  — 25Ji 

— JO— « 

18    — fl.2    —7.7 

1  —13.7  -17.2 

—  15—20.8-20,1 

—31  — M 

17    —6.0    —8.3 

0—14.2  —17.7 

—  16-21.3-26.0 

— 3ft— tt 

16    —7,1    —8.8 

—1  — U.e  —18.3 

—17  — «1.7  —27.2 

— aa— tt 

15    —7.5    — ».4 

—2—15.1  — IS.* 

—18  —22.9  —27.7 

—34  — tt 

14    —8     —10 

—3  —15.5  —19.4 

—19  —22.6  —28.3 

— 35— tt 

13    —8.4—10  5 

—4  -16      —20 

—20-23-1  —28.8 

— 30— tt 

1«    —8.8—11.1 

—5  —16.4  — J0.5 

—21  —23.5  —29.4 

—37—30 

11     —0.3— II. 6 

_6_I6,8— 2M 

—22  -24      —30 

— 38— »l 

10    —9.7—12.2 

—7—17.3-21.6 

—23  —24.4  — ,10.6 

—40—31 

•  —10.2  —12.7 

—8  —177  —22.2 

—24  —24.8  —31.1 

— 40— tt 

8  —10.6  —13.3 

The  real  quantity  of  expansion  in  bodies  ali^ 
ceeda  that  indicated  by  the  thermometer,  inaamtt 
the  glass  vessel  which  contains  the  mercury  is  iobj 
to  an  expansion,  which  prevents  the  mercury  froM 
9o  high  in  the  tube  as  it  otherwise  would  do.  * 

Though  all  substances  are  expanded  or  dilated 
increase  of  temperature,  yet  the  expansion  prodtio 
the  same  increase,  varies  considerably  in  different  b 
From  what  has  been  said,  it  will  be  perceived,  that) 
terniine,  accurately,  the  expansibility  of  any  fluid 
certain  increase  of  temperature,  an  allowance  rau 
made  for  the  dilatation  of  the  vemel  containing  the 
and  hence  the  necessity  of  first  determining  the  e; 
sibility  of  solid  substances;  a  subject  which  has  be< 
vestigated  with  great  care,  by  Smeatou,  De  Luc,  D« 
Petit,  Lavoisier,  La  Place,  Tro ughton,  Berthoud,  W« 
ton,  and  others;  and  the  results  of  their  experimeo 
given  in  the  following  Table,  in  which  the  nie-an  ej 
bilities  are  inserted,  in  all  caaea  where  the  ai 
dilTer. 
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TABLE  II. 
LINEAR  EXPANSION  OF  SOLIDS  BY  HEAT. 


W 


HmturioM  wkiek  a  bar  taktt  «(  118%  whost  Ungih  at  33°  t>  l.OOOiOOOO. 


Olasi  tube    1.00083367 

PUte  glMn   1.00089089 

Ditto  crown  glus  1.00089694 

OliH  rod 1.00080787 

Demi 1.00080787 

PUtiiia , 1.0O00IOS5 

Palladium     • I.OOIOOOOfl 

Antimony .1.00108300 

C*jt  iron  prism 1,00110910 

Cut  iron   1.(H>1 1 11 11 

Steel • 1.00118990 

Ditto  rod 1.001)4470 

Blistered  steel 1.001)3760 

StPcI  not  tempered 1.00107915 

Steel  tempered  yellow • 1.001377oO 

Ditto  at  a  higher  rate     1.00123956 

Hard  steel     1.001SS600 

Annealed  steel     1 .0012:2000 

Tempered  steel 1 .001 3700U 

Iron    1 .001 20700 

Soft  iron,  forged 1 .001 22045 

Round  iron,  wire  drawn I.(M)I23504 

Iron  wire 1.00141010 

Bismuth    1  001 30900 

Annealed  gold 1 .00146000 

Oold 1.00160000 

Ditto  procDred  by  parting    1.00)46606 

Dino,  Pariv  standard,  onannealed 1.00153155 

Ditto,  ditto,  annealed ■ l.f)OI513til 

Cop|»rr 1.001 79413 

Bra«« 1.00ISM47 

C»st  brass     1 .00 1 S 7500 

English  pUle  brass     1  (K>189385 

BraM 1.00203940 

Brass  wire    : 1.0019.3000 

Copf»er8,  tin  1     ;,.. 1.00181700 

SiUer     *.*,^ 1.00800183 

Brass  16,  tin  ) 1.00190S00 

Speculum  melnl 1.00193300 

Spelter  solder— brass  8,  zinc  1     1 .0020oH00 

Malacca  tin 1.00193766 

Tim  from  Falmouih 1.00217298 

Fine  pewter 1.00229300 

Grain  tin I.0024S300 

Tin     I.002M4O0O 

Soft  toldcr— lead  8.  tin  I 1.00250800 

Zinc  6,  tin  1.  a  lillle  Immmered 1  00369800 

Lead 1 .00285768 

Zinc 1 .1MJ297650 


J 


at  fhe  same  time  great  transparency.  To  deteni 
great  uccurac) ,  however,  the  comparative  expaii 
different  fluids  submitted  to  a  considerable  chi 
perature,  much  nicety  and  judgment  arerequin 
the  requisite  correction  for  thr  increased  capi 
conlaanin^  vessels.  MM.  DuLougand  Petit  hi 
much  Httention  lo  this  subject,  which  ihev  have 
gated  with  their  UHual  precision,  and  published 
in  a  Table,  which  is  subjoined. 

TABLE  111. 

£xptin*ioH  o/t/'e  Vohme  of  Liquittf  £jr  beinp  kemttHfr 

Mercurjr 0.017? 

Water,  its  mnxirnant  Henaitjr 

MurUlir  acid  (sp.  gr.  1.IS7' 

Nitric  acid  (Kp.  i;r.  1.40) ....••..•Oktj 

8ulphuiic  acid  (ip,  gy,  l.b&^ OJ 

Alcohol ••••.••..•••.•  JIlII 

Water 

Water,  laturaled  williMlt..    •••. 

Sulphuric  ether •••••,...• 

Fixfd  oil« ...0.1 

Oit  of  turpentine 

It  has  been  stated  that  all  bodies  are  au| 
heat;  but  water,  under  certain  circumBtancea, 
markable  exception  to  the  general  law,  that 
contract  in  bulk  by  reduction  of  temperature, 
perature  of  about  40",  water  is  at  its  maximunci  d| 
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ently  agitated  with  a  (heniiomctcr,  it  will  immediately 
on^ea],  and  the  mercury  will  rise  considerably,  when  the 
rater  aMiuueii  the  solid  form  of  ice. 

This  subject  may  be  hotter  understood  by  reference  to 
ht  experiments  on  the  quantity  of  caloric  absorbed  by 
keduriu^  its  liquefaction. 

Aeriform  bodies  are,  when  separated  from  their  liquids, 
uniformly  affected,  or  very  nearly  so,  by  equal  increments 
of  temperature.  Atmospheric  air,  for  example,  by  an  in- 
crease of  temperature,  from  32°  to  212^  (IWO^),  is  expanded 
fnm  1  to  1.375;  hence  the  expansibility  caused  by  an  in- 
crease of  one  degree  is  •fH=.002083.  A  given  change  of 
any  number  of  degrees  in  temperature,  therefore,  being 
oultiplied  by  .002083,  would  show  the  consequent  in- 
creaae  of  bulk  in  the  gaseous  body.  The  results  of  Mr. 
Dllton^s  experiments  on  this  subject  are  given  in 


TABLE  IV. 
SHEWING  THE  EXPANSION  OF  AIR  BY  HEAT. 


49» 

bO 

51 

W 

53 

54 

55 

&6 

57 

5» 

59 

04 
63 
64 


1040 
1U43 
1045 
1047 
1050 
1053 
1055 
1057 
1059 
lO'Itt 

llHll 
10«t6 
U»i9 
1071 
107.1 
1075 


C5-   1077    81" 
60 

67 


I 

^mt    looa 

f   91   1004 
95   1007 

as  lorni 

S7  10 1 2 

38  1015 

30  IOI8 

40  I03I 

ll      «l  \iNii 

]       43  1025 

43  10-^7 

44  1U3U 

45  1034 
^    47       103^1 

mgB     1039 

^Wffcrent  bodies  removed  from  one  temperature  to 
other,  require  different  quantities  of  heat  to  be  sup- 
led  to  or  abstracted  from  each,  in  order  to  preserve  their 
uilibrium  of  temperature.  This  quality  of  bodies  has 
denominated  specific  heat,  and  it  is  exhibited  in 
bles  V.  and  VI. 


69 

70 
71 

74 
73 
74 

75 
76 
77 
78 
79 
80 


lobo 
inj*2 

1084 
10W7 
10f»9 
1091 
1093 
1095 
1097 
UW} 
IIOI 
1104 
ll04t 
1108 
lllU 


83 
83 
84 
86 

86 
87 
88 
R9 
90 
91 
93 
93 
94 
96 


1112 

1114 

1116 
1118 
1191 
1123 
1125 

iie8 

1130 

1132 

1134 
1136 
1138 

It4n 

1142 
1144 


98 
99 
100 
110 
190 
130 
HO 
150 
160 
170 
180 
190 
200 
It  10 
212 


1146 

1148 
1150 
1152 
1173 
nP4 
1215 
1235 
1*255 
1«?5 
1295 
1315 
13^1 
i:»54 
I37fl 
1370 
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TABLE  V. 

SPECIFIC  HEATS  OF  SOLIDS. 


he«(s.  thii 

of  wftlcr  he- 

in;  1000. 

Weight  ol 

ihr  iiomt, 
oiyff«n 
beifif  1. 

ProdMi  otI 

thcMr  two  1 

Duinbert. 

Bismuth  .••.•«.••• 

0.03l» 

O.O-iflS 
0.0314 
a06l4 
0.0&67 

«i.ai»7 

UU012 

0.0040 

o.nm 

0.1100 
0.141IH 
0.1 880 

13.300 

12.430 

n  100 

7.360 

0.750 

4.090 

4.030 

3.»67  ' 

3.000 

3^309 

2.400 

2.011 

0.3830 
0.37M 
a3704 
0J»740 
OJ3770 

0.:i075 
0.3766 
0.3810 
0.3731 
OUI0H6 
0.3780 

Lcftd    

Gold     

FUlinum     

Tin 

Silver 

Zinc 

Tellurium    

Nickel 

Iron ■■■>•••■■ 

Cobalt 

Sulphur  

TABLK  VI. 

THE  SPECU^IC  HEATS  OF  GASES. 

Water   I. 

Air ai 

Hyilrogen  gas .S.tt38 

Carbonic  acid 0.9S10 

Oxvgen 0^)301 

Asote    , • O.ttbi 

Oxide  of  uoto • OSaOP 

OlelUnt  EM .....a4tt7 

Carbonic  oxide   *.*..« ^^^8^^ 

AqiieoUf  vapour «... OlM9^^| 

As  different  bodies  contain,  at  the  same  tempcratvM 
diftcrent  quantities  of  heat,  the  term  capeicity  for  M 
has  been  ak;o  applied,  to  distinguish  this  property, 
the  following  table  exhibits  the  comparative  capadi] 
few  of  the  metals. 


CAPACITIES  FOR  HEAT. 

Mean  caparity  tvtwpc^n 

Mran  c«pacily  bt^twl'm 

Q*  and  I00». 

n»  and  JU*X>». 

Mercury 0.0330 

0.0360 

Ziur 0.0927 

0.1016 

Antimony    ....0.a0O7 

0.0640 

Silver 0.0657 

o.ooir 

Copper     0.0040 

U.I013 

Platinum 0.0366 

o.aj.%'5 

OUm    1.1770 

0  1900 
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II  is  owing  to  the  quantity  of  heat  in  combination 
vitb  diflerent  substances^  that  they  assume  the  solid, 
iquid,  or  aeriform  states;  thus  water,  below  32°,  becomes 
olid,  and  exists  only  In  the  state  of  ice^  and  above  1  IS",  it 
)ecoines  steam,  and  exists  only  in  the  state  of  vapour.  As 
Dercury  becomes  fluid  at  48°  below  zero,  we  are  acquaint- 
iA  f«'ilh  it  only  as  a  fluid,  and  apt  to  consider  that  as 
being  its  natural  state  ;  but  this  is  an  accidental  condition, 
entirely  depending  upon  the  circumstance  of  the  tempe- 
rature at  which  it  becomes  fluid  being  l>elow  the  ordinary 
temperature  of  the  atmosphere;  for  fluidity  is  no  more 
the  natural  state  of  mercury,  than  solidity  or  vapour  is 
the  natural  state  of  water.  A  considerable  quantity  of 
heat  combines  with  all  substances  during  their  changes  of 
form,  from  solid  to  liquid,  or  from  liquid  to  vapour.  And 
this  heat,  which  enters  into  combination  with  the  sub- 
itaoces  during  their  changes,  not  remaining  sensible  to  the 
thermometer,  has  received  the  name  of  latent  heat,  which 
it  given  out  again,  and  becomes  sensible  to  the  thermo- 
Beter,  on  the  contrary  change.  In  the  conversion  of 
water  into  steam,  about  lOOO*  disappear,  which  is  six 
times  as  much  as  is  required  to  raise  the  cold  water  to  the 
boiling  point;  a  circumstance  which  is  experimentally  de- 
termined by  estimating  the  time  and  fuel  expended  in 
boiling  off  a  certain  quantity  of  water;  and  rendered  evi- 
<lent  by  the  fact,  that  any  quantity  of  water  in  the  form 
of  steam,  will  instantly  combine  with  and  raise  to  the 
boiling  point  six  times  the  quantity  of  cold  water.  And, 
OB  the  contrary,  a  portion  of  steam  will  be  immediately 
converted  into  water,  on  the  abstraction  of  a  portion  of 
)ti  combined  heat. 

Were  it  not  for  the  existence  of  latent  heat,  and  the 

Equent  time  required  to  effect  a  change  In  bodices,  the 
BS  of  evaporating  by  boiling  would  be  impossible; 
^y  vater  or  any' other  liquid  would,  when  raised  to  a 
^^rlajn  temperature,  instantly  flash  into  steam,  and  be- 
'Ottte  dissipated  with  a  terrible  explosion,  like  that  of 
^'H  gunpowder.  For  the  same  reason,  the  thawing  of  a 
*fge  quantity  of  snow  would,  without  latent  heat^  be- 


sfiottid  hove  a  Mifi-^wflon  of  the  tnosl  dwairtpotfsvir 
and  inundations:  or  neas,  lakoB,  and  rivers  codvj 
etantly  into  solid  ice.  It  is  Aomenhat  remarl 
tlie  existence  of  latent  heat,  obvious  a«  it  ihi 
was  unknown  (ill  o(  late  year^,  when  its  discovt 
«uch  improvements  in  the  stt»am  engine  as  ha^ 
in  an  eminent  depree,  the  relations  of  a^renf  empifi 
Dr.  Black  of  Edinburgh,  and  Mr.  JamenWatl  of 
we  arc  principally  indebted  for  having  inv(<titi| 
made  known  this  discovery.  They  found  Ihnt 
sufficient  for  converting^  ice  into  water,  that  it 
merely  raised  lo  that  temperature  in  which 
longer  remoiu  in  the  form  of  ice.  A  piece  of 
of  temperature  of  3i?",  will  remain  a  very  long 
the  temperature  of  5C%  before  it  is  entirely  melted^  c 
in^  till  the  uhile  of  the  same  temperature 
continunlly  absorbing  heut  front  the  <iurroundinj 
comparing  the  lime  in  which  lee  had  ita  ti 
chan«:ed  from  98**  to  w?*,  with  the  t<ab><eqDent 
complete  licjuefuclion,  il  wuct  discovered  tbal  ic 
about  i40  limes  as  much  heat  a«  vvotild  raiKO  iti 
ture  one  degree;  and  Ihtit  one  pound  of  ice  at 
mixed  with  one  pound  of  water  110°  warmer, 
melted,  without  increasing  the  lempernturr 
llenee  it  was  concluded,  that  wnt^r  diffi-rod  fri 
the  rnme  temperature,  b>  contuininsf,  as  a  conaiili 


e<l,c 

3 

ttll 
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mX,  hf  cffiAiing  it  to  rise,  would  show  what  was  the  de* 
gi^ee  of  tl^is  additional  heat.  In  like  manner,  to  convert 
inter  into  an  elastic  vapour,  it  is  necessary,  not  only  to 
iicreBse  its  ancombined  beat  till  its  temperature  is  21S**, 
niwhich  state  it  is  jast  ready  to  become  elastic,  but  also 
toadd  to  it  a  great  quantity  of  heat,  which  combines  with 
tftrj  particle  of  it,  so  as  to  make  it  repel  or  recede  from 
iV  adjoining  particles,  and  thus  become  a  particle  of 
dnilic  fiaid. 

In  the  phenomenon  of  boiling  off  a  quantity  of  water, 
tte  application  of  heat  to  it  causes  it  gradually  to  rise  in 
iii temperature^  till  it  reaches  that  of  912*.  It  then  begins 
foseftd  off  elastic  vapour,  and  is  slowly  expended  in  this 
«n,  cdntiniiing  all  the  while  of  the  same  temperature* 
Tlie  steam  also  is  of  no  higher  temperature,  as  ap- 
pmn  by  holding  a  thermometer  in  it.  We  must  con- 
dude  that  this  steam  contains  all  the  heat  which  is  ex- 
pnded  in  its  formation.  Accordingly,  the  scalding  power 
of flteam  18  well  known;  but  it  is  extremely  difficult  to 
obtain  precise  measures  of  the  quantity  of  beat  absorbed 
ly  water  during  its  conversion  into  steam.  Dr.  Black 
Mdetvoured  to  ascertain  this  point,  by  comparing  the 
to  of  raising  its  temperature  a  certain  number  of  de- 
SKe8,with  the  time  of  boiling  it  entirely  away,  by  the 
Mme external  heat;  and  he  found  that  the  latent  heat  in 
stiSitD,  which  balanced  the  pressure  of  the  atmosphere, 
*te  riot  leas  than  800°.  He  also  directed  Dr.  Irvine  of 
CllMfow,  to  the  form  of  an  experiment  for  measuring  the 
kit  actually  extricated  from  such  steam  during  its  con- 
^^nnuion  in  the  refrigeratory  of  a  still,  which  was  found 
^"benot  less  than  774^.  Mr.  Watt,  about  the  same  time, 
^^*^  a  course  of  experiments,  with  great  precision.  In 
^"^l,  he  determined  the  latent  heat  of  steam,  under  the 
^nary  pressure  of  the  atmosphere,  to  be  about  948°  or 

Mr.  Watt    investigated    this   subject    experimentally, 

*Weh  he  describes  as  follows : — He  took  a  pipe  of  copper 

Wtt  of  on  inch  diameter  inside,  ^Vth  of  an  inch  thick,  and 

*vo  feet  long,  having  three  inches  of  one  of  its  ends  bent 

15.  2y 


way  up  infi^pouTTthe  lid^ 

oalmeal  dough,  and  held  dfl 

ing  up  to  the  handle.     A  H 

six  inches  diameter,  had  2{ 

put  into  it,  which  filled  it  m 

water  was  weighed  very  acj 

disk  of  strong  paper  (oiled 

a  stove,)  filled  to  its  inside,  i 

they  were  quite  dry.  « 

The  pan  and  water  were  i 

flannel  on  a  stand,  and  the  < 

bent  end  of  the  pipe  was  i$ 

water  in  the  kettle  was  madi 

the  end  of  the  pipe  was  imtt 

the  pan,  which  was  not   doDi 

no  water  dropped  from  it,  btf 

of  the  steam   returned  by  thi 

kettle.  t 

When  the  end  of  the   tub|| 

water  tn  the  pan,  the  steam  ifl 

with  n   crackling  noise,  and  | 

contact  with  it.     The  water  H 

•  circular  motion,  the  heat  vN 

throughout  the  whole,  and  tin 

until  the  water  had  acquired  ( 

which   happened  generally  ini 

Imniediatelv  nfTA**  »u^  4». i 
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When  the  experiments  were  finished,  the  tin  pan,  made 
quite  dry,  was  set  in  a  room  where  the  air  was  ahout  40^, 
and  stood  there  for  half  an  hour;  when  it  was  thought  to 
lave  acquired  the  heat  of  the  place,  two  pounds  of  water 
at  7(^  were  then  poured  into  it,  and  the  heat  was  found 
lo  be  7.^*- 

Then,  for  354*  with  two  pounds  of  water,  or  for  every 
44^  with  2|  pounds  of  water,  half  a  degree  must  be  al- 
lowed for  the  heat  absorbed  by  the  pan. 

The  heat  of  the  room,  wlien  the  experiments  were  Qiado, 
MBSgenernlly  about  56*. 

Eleven  experiments  were  made  in  the  foregoing  man- 
ner, from  which  the  latent  heat  was  calculated  according 
lotbe  following  example. 

Experiment  I. 

The  heat  of  the  water  in  the  pan,  on  beginning  the  ex- 
periment, was  43.5*.  When  the  experiment  was  ended, 
ibc  heat  of  that  water  was  89.5%  consequently  it  had  gained 
4(i*froin  the  steam  it  had  condensed.  The  weight  of  the 
wtlpf  on  commencing  the  experiment  was  2|  pounds  avoir- 
dupuis,  or  17,500  grains;  after  the  experiment,  its  weight 
KM  18,360  grains;  consequently,  it  had  gained  7G0  grains 
from  the  condensed  steam.  Thus,  multiplying  17,500 
grains  by  46",  the  heat  received  from  the  condensed  steam, 
and  0.v°,  the  heat  absorbed  by  the  pan«=-46,5",  we  have 
813,750",  which,  divided  by  760  grains,  the  weight  of  the 
waler  which  in  the  state  of  steam  communicated  the  heat, 
tebave  1070°;  to  this  must  be  added  the  heat  retuiued. 
Wing  that  of  the  mixture,  89.5",  which  produces  1159.5**, 
aHhe  sum  of  the  sensible  and  latent  heat  of  the  steam; 
•id  deducting  212°,  the  sensible  heat^  we  have  (he  latent 
Wat  947^. 

This  result,  with  those  of  the  other  ten  experiments, 
'ried  and  calculated  in  the  same  manner,  are  shewn  in  the 
''oiiowing  Table. 
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M 

u 

i 

1 
11 

n 

I 

i 

"Si 

1 

1 

1 

1 

|l 

Is 

1 
! 

I. 

II. 

111 

IV. 

V. 

VI. 

vn 

VllL 

Gniiii*. 

Of, 

OnliM, 

D^. 

Dec. 

D^. 

D^. 

1. 

I7.5W) 

iS.5 

780 

89.5 

46.5 

1 150  5 

M7J 

t. 

I7.S1K) 

U5 

709 

86.5 

48.5 

11369 

0949 

a. 

17,600 

U.5 

n99 

96 

54 

II49.I 

987.1 

4. 

17.500 

4i& 

4«7.a 

79.5 

»& 

1175.6 

MM 

ft. 

1 7.&<HI 

U5 

360 

67.95 

93 

ll5Ji 

941 

0 

n,MM 

47.5 

tf49 

87 

40 

1177.8 

•M9 

7. 

I7,A0<> 

i9 

&9R5 

64.5 

36 

1155 

949 

H. 

I7,MHI 

47 

675 

87.5 

41 

1150^ 

9915 

9. 

17.600 

45 

6ao.» 

86^ 

49 

1166  5 

954.5 

m. 

17,500 

45 

064.fl5 

85.5 

41 

1165^ 

958.41 

11. 

17.51KI  ' 

45 

P75 

105 

a7.5 

1134 

919 

The  average  of  these  experiment  gives  fM5-3*,  foc4 
luleit  beat  of  steam. 

But  there  beinj^,  Recording  to  Mr.  Watt's  8<C6VI 
several  causes  which  aflect  their  result'^,  and  which  A 
the  most  purl  tend  to  give  the  latent  heat  rather  le«  tkl 
what  it  probably  was,  he  estimated  the  latent  beat  i 
steam  at  960". 

Mr.  Wutt,  being  dissatisfied  with  the  experiments  trk 
in  a  hasty  manner,  upon  the  latent  heat  of  distillatioo  j 
vacuo,  made  other  experiments,  one  of  which  if  hef 
described.     He  took  a  small  still  A,  surrounded  by  a 
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ncom^  made  of  tin  plate,  in  the  form  annexed,  which 
communicated  by  a  pipe  with  the  two  double  cones  fi  and 
C,each  of  which  had  a  very  small  opening:  in  ita  lower 
ippx,  shut  air-tight  by  a  brans  plu^.  There  was  also  an 
opening,  shut  in  the  same  manner,  in  the  tube  at  D.  The 
coDical  mouth  of  the  still  at  A,  was  shut  by  a  good  cork. 

A  pint  of  water  was  poured  into  the  Inside  vessel^  and 
Mmuch  into  the  outside  one.  The  whole  was  then  set 
ipoD  a  chaiing-dish,  and  made  to  boil.  The  steam  was 
lUowed  to  issue  at  D  and  C,  until  it  was  supposed  that 
ill  the  air  was  expelled.  The  aperture  C  was  then  shut, 
and  just  ironierBcd  in  a  vessel  of  water,  to  prevent  the  air 
from  entering.  The  steam  was  allowed  to  issue  some 
time  longer  at  B,  and  it  was  also  shut,  and  immediately 
iminented  to  a  small  depth  in  water*  Cold  water  was 
tbcD  poured  into  the  balneum,  so  as  to  cover  the  orifice 
and  iUt  cork.  A  degree  of  exhaustion  was  instantly  pro- 
duced iu  the  internal  vesHel,  and  in  the  two  double  cones 
commuoicaling  with  it.  The  double  cone  B  was  then 
wholly  immersed  in  a  tin  pan,  six  inches  deep,  andl^i  inches 
in  diameter^  filled  with  cold  water  to  within  an  inch  of  its 
mouth.  This  water  weighed  l^oz.  6dr.  40gr.  tray 
Weight,  or  62,800  grains.  Its  heat,  at  the  beginning  of 
the  experiment,  was  52*,  (say  51.75").  Whei»  it  was  sup- 
posed a  sufficient  quantity  had  distilled  into  the  receiver 
B,  Ibe  heat  of  the  water  in  the  refris<*ratory  was  61*,  con- 
Kquently  had  increased  0",  (say  9V).  The. plug  at  D  was 
withdrawn,  and  the  air  admitted.  The  refrigeratory  was 
nniovedy  and  the  double  cone  B  being  wiped  dry,  its 
plug  was  withdrawn,  and  (he  water  it  contained  let  out, 
Id  heat  examined,  and  then  weighed.  The  heat  was  62", 
^d  its  weight  was  1  oz.  54grs.,  or  534  grains,  to  which 
^gr.  were  added  by  estimation,  for  water  adhering  tu  the 
'&side  of  the  cone;  in  all,  540  grains.  The  heat  of  tho 
^i^ter  in  the  balneum,  at  the  beginning  of  the  experiment, 
^^  134%  and  at  the  end  158*";  consequently,  at  the  latter 
Period,  about  one-third  part  of  air,  or  other  elastic 
**pour,  remained  in  the  still  and  receiver.  The  duration 
^'^  the  experiment  was  nine  minutes.     The  heat  of  the 
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cbaGng-diah  was  prevented  frDin  atfecting  the  rcfri^rv 
tory  hy  a  screen  of  bricks.     The  heat  of  the  air  in  llie 
room  ^vas  about  58".     The  double  cone  B  neii^hed  lOOO 
grnius,  and  as  i(  was  of  131*^  of  heat  at  the  beginning,  mni 
was  cooled  to  (>2°  by  the  refrigeratory,  it  lost  7^.    Iti 
specific  gravity  was  probably  about  neven  and  a  half  ti^a 
that  of  watcr,and>con9equpntly,  its  bulk  that  o(  yi*=»134i 
grains  of  water,  and  its  capacity  for  heat  being  abom 
three-fourlliH  of  (hat  of  the*  same  bulk  of  water.  It  wouJil 
contain  the  same  quantity  of  heat  as  about  101  graim  of 
water;  and  this  heat  not  being  communicated  by  tbe€Oft- 
densed  steam,  contained  in   the  cone  at  the  end  of  tW 
operation,  is  to  be  deducted  from  the  heat  acquired  hj 
the  water  in  the  refrigeratory,  or,  which  is  the  same  tbinj, 
101  grains  are  to  be  deducted  from  its  weight. 

The  result  of  the  experiment  may  be  titatod  as  foUomt 

Grmima. 

The  weight  of  the  water  in  the  rerri^rutory    OS900 

Deduct  lU]  grainn,  as  the  equivalent  for  the  bulk  of  the 
cone    101 

Remainder 63009 

Add  the  heat  ab»orhcd  by  the  refrigeratory,  whiL-h  ivoa 
of  tin  pUtc,  and  iveight'd  24|  ounces;  but  for  the 
wire  round  its  mouth,  and  other  parts  not  in  conlacl 
with  the  water,  Mr.  Watt  allowi^il  4^  ouncc»,  leaving 
SO  ounccssrin  hulk  to  nbout  13S0  grain*  of  water; 
but  it*  capai-ity  for  heat  bring  only  Iwo-thirda  of 
that  of  water,  is  equal  only  to  $t80  grajnA  of  water, 
wliich  ia  to  be  added  to  the  water  in  iIk*  refrigeratory         OSU 

Total  weight  of  the  wntrr,  &c.  heated    0M79 

Which  mulliplieil  by  9.S5-' the  heat  acquired 6aM90*.73 

And  ihvidcd  by  the  weight  of  the  condenaed  ateams 

MO  grain*,  tfives 1O0(P.7S 

To  which,  adding  the  heat  retained    ,,,,  0S« 

Givei  the  som  of  the  aenaible  and  latent  heat Uftf.?* 

From  which,  deducting  the  average  cenvibte  heat  of  the 
•team 149* 

Qlvca  the  latent  heat  at  that  temperature 1006*. 79 


The  following  Table,  by  Dr.  Ure,  exhibita  the  Uteit 
heat  of  vapours. 
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H  TABLE  IX. 

P^         S0UI>8  AND  LIQUIDS  VOLATILISED. 

DnrrM*. 

^^    Ether  boiU fiS 

^B    Liquid  auinjoiiia  boils I40 

^V   Cumphor  soblimes 145 

''  Bulphur  evaporates    170 

I Alcohol  boils 175 

^H    Wftt«r  and  esKential  oils  boil .', .   SIS 

^^k  PhosphoriM  diitils 810 

1^^  flolutioii  of  muriate  of  lime  boils S30 

Nttrouft  acid  boils 24S 

^_    Nitric  Held  boils 248 

^H   White  arscnir  sublimis     £83 

^V  Metallic  arsenic  ftnblimes 540 

Phoftphoms  boils G6i 

kOil  of  turpentine  boils 316 
Sulphur  bails « S70 
Sulphuric  acid  boils 570 
Linseed  oil  boils,  and  sulphur  sublimes 640 
Mercury  boils 641 

The  practical  engineer  will  find  a  convenience  iu  hav- 
iii|;  ready  reference  to  the  temperaturen  at  which  liquids 
become  solid,  or  solids  liquid,  and  with  that  view  the  fol- 
lowiog  Table  has  been  inserted. 
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TABLE  X. 

'inp  Temperatures  of  Liquidt,  which  are  also  the  Melting  Potnta 
of  Soltdt. 

DsfTves. 

Strongest  nitric  acid   — 55 

Ethfr  and  liquid  ammonia — 40 

Mercury — 39 

Sulphuric  acid —30 

Acetous  acid — S8 

Alcohol  S,  water  1   — U 

Brnndy  —7 

StronfivHt  sulphuric  acid 1 

Oil  of  turpentinfi 10 

Strong  wines 20 

Fluoric  acid '     S3 

Oih,  berf;amot  aud  cinnamon    • fi3 

Human  t>lood    ' S^ 

Vinegar 29 

Milk    30 

Onymnriatic  acid 33 

Water     32 

Olive  oil ■•» M 

Sulphuric  acid,  sp.  £r.  I.7B   ..•••••««>*<fr^>-*-       M 

2  7 


Oil  of  anUeed 

I'lionptioru 
Myrtle  wax 
SpfrmurHi 

TalloM 

Bees'  wax 


7»77 
08T7 


Bitmulli  &  p«rt».  tin  3.  \f>*<\  f 919 

Sniphur    ...•••..*. flIO 

Tin  and  biimutli,  equal  parts  ...••••• ttt 

Cfimphor •*••»«*.  —  808 

Titi  3.  Uad  a,  or  (in  %,  lilnnitilh  1    .%.; 881 

Till  * or 

Tin  I,  lend 4   ••...      480 

Biamuth   .• 471 

Liitrl ..w; A8S 

Zinc 

AiiHmony     .....; 

BrsM 

C)f»per «••... 

Silver  m 

Quill ;..^ »«8T 

Cobalt i: 

Ni-kei * toan 

Boft  noiU ^^....  tl8tf 

Iron %\i 

M4Uiiauft>e 9H 

PUtinum,  tuiigvtvn,  nmlybdMia,  oratiiom,  itlanlnm  fiSII 

It  is  in  consequence  of  dilTfrent  substances  reqisirw 
iUfferent  defifrceR  of  hoat  to  produce  repulsion  enoufhl 
raise  (heir  particles ag^ainst  tliealniosphertc  resistance^  tla 
.  (he  distiller  U  enabled  to  fiepiirate  the  spirituous  frora  ill 
aqueous  pai'ticles  of  any  mixture.  At  ISO*,  for  ia«tiDa 
the  spirit  nill  leave  the  nnter,  and  pims  off  in  vapodf 
which  may  (hen  be  collected  and  condensed  in  m  fit 
iiver.  Distillation  is  the  best  means  ne  pos«eaft  of 
iting  manv  subt<tances  from  each  other;  as  spirit  fr 
ater,  water  from  acids,  water  itself  from  its  impttnti^ 
and  mercury  from  gold  which  it  has  sensed  to 
from  amonj;  the  impurities  of  the  mine, 

Dy  means  of  an  air-pump,  to  exhaust  the  air  on 
band,  and  uf  the  condensing  syringe,  to  condense  it  on 
other,  all  (he  facts  depending  on  the  atmospheric  pn| 
sure,  and  its  increase  or  diminution,  ma)  be  familiMl 
illustrated.  Thus  w:iter,  not  hcntod  by  several  di 
to  the  hoiliiii;  point  of  ordinary  low  situations,  but  «! 
would  boil  at  the  top  of  high  mountains,  h  madtf  Co 
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Ralelv  under  the   receiver  of  an   air- 


purap,  on   <b' 


removal  of  pressure  by  a  few  strokes  of  the  piston;  and, 
iftfae  exhaustion  be  rendered  complete,  the  water  will 
boil  even  when  under  blood  heat;  and  at  any  tcmpera- 
ture^  however  low,  water  in  a  vacuum  aiisunies  rapidly 
the  form  of  vapour;  but,  in  such  cases,  without  exhibit- 
ing the  violent  agitation  of  boiling.  Other  liquids,  as 
spirits,  ether,  Sic.  requiring  a  less  quantity  of  beat  to  sepa- 
rate iheir  atoms  to  repulsive  distances,  boil  under  the 
receiver  of  an  air-pump  at  ver\  low  temperatures.  Ether 
boils  when  as  cold  as  freezing-  water. 

On  the  other  hand,  if  the  atoms  of  liquids  be  confined 
itill  more  than  by  a  common  atmospheric  or  equivalent 
pressure,  several  degrees  of  heat  above  the  common  boil- 
iog  point  will  be  required  to  separate  them.  In  a  diving 
bell,  immersed  in  water  sixty-eight  feet  below  the  surface, 
the  boiling  point  of  water  is  272"  instead  of  '^l'^";  and  at 
ill  other  depths,  it  varies  according  to  the  pressure.  At 
the  surface  of  the  earth,  if  water  be  heated  in  a  close  ves- 
lel,  in  which,  by  condensation,  air  exerts  a  pre^isure  of 
tkirty  pounds  on  the  inch,  instead  of  fifteen  pounds,  as  in 
(be  ordinary  atmosphere,  or  from  which  the  steam  is  pre- 
fCBted  from  escaping  until  it  has  acquired  the  force  of  a 
loable  atmosphere,  the  heat  must  be  raised  in  a  curres- 
londing  proportion  beyond  21*2^,  before  the  liquid  boils. 
Jnder  a  very  strong  pressure,  water  may  be  rendered 
Imost  red  hot;  but  the  power  with  which  the  atoms  are 
ten  tending  to  repel  each  other,  occasions  an  almost 
Tesistible  force  of  expansion,  and  as  soon  as  the  pressure 
removed,  a  portion  of  it  flashes  into  steam  and  escapes, 
irrying  with  it  a  large  portion  of  water,  in  a  highly- 
I'vided  state. 

The  determination  of  the  elastic  force  of  steam  of  dif- 
feiit  degrees  of  temperature,  is  of  the  greatest  import- 
fece  fo  the  practical  engineer,  and  the  subject  has  con- 
qitently  undergone  much  investigation,  both  bv  uhlo 
Bthematicians  and  accurate  experimentalists.  Mr. 
reighton,  Mr.  Southern,  Dr.  Young.  Mr.  Tredgold, 
id   Mr.  Iverv,  have  severally   undertaken   the  inquiry. 
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with  a  vieir  to  deduce,  from  the  best  experiment%, 
by  Avhich  the  force  of  steam  at  any  temperature^ 
temperature  corresponding  to  any  given  force  ut' 
could  be  determined. 

The  following  rule,   given  by  Mr.  Tredgold, 
simple   thnn  any  of  the  others,  and  the  correspoi 
between  its  results  and  the  best  experinienlj3,  bhowft 
be  sufficiently  accurate  for  all  practical  purposes 

The  temperature  in  degrees  of  Fahrenhcit*s  t 
meter,  increased  by  lOi),  divided  by  177,  and  raised  U 
sixth  power,  will  give  the  force  of  the  steam  in  inch< 
mercury;  thus — 

Let  the  given  temperature  be 307%  then  (3074^ioo^fl_ 
or  2.3x2.3xS.3x2^x2.Sxg,3=-N8.035889,  the  (^ 
the  steam  in  inches  of  mercury,  which  correspomls,  w 
two  tenths  of  an  inchj  with  the  force  determined  cs 
mentally,  and  given  in  the  subjoined  table.  ThiAa 
metical  computation  may  be  much  shortened  by  the 
of  logarithms,  for  the  difference  between  the  logarith 
the  given  temperature  increased  by  100,  and  that  of 
being  multiplied  by  6,  will  be  the  logarithm  of  t 
of  the  steam,  thus— 

307+ 1 00=407     Lo^  =2  0095944 

177  Lo^  ^^fi-i-iTOTaa 


-3616211 
6 


Force  of  steim,  147.62    Lo^;.  3.10)7260 

This  is  about  .9  of  an  inch  le^'s  than  the  other  re^n 
ference  which  is  to  be  accounted  for,  from  9.3  being  » 
what  greater  than  the  (quotient  of  fff.  ■ 

When  the  force  of  the  sleam  is  given,  to  find  the 
perature,  these  operations  of  course  must  be  revei 
The  logarithm,  for  instance,  of  the  force  of  the  sieai 
inches  of  mercury,  divided  by  six,  and  increased  bj 
logarithm  of  177,  will  be  the  logarithm  of  the  le 
ture  added  to  100. 

The  experiments  of  Mr.  Watt,  Mr.  Dalton,   Dr. 
•on,  Mr.  brMithern,   Dr.  Ure,   Mr.  Arsherger,   and 
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miip  Taylor,  have  all  been  of  great  service  in  deter- 
wiamg  this  question;  but  those  of  Mr.  Dalton  and  Mr. 
Tkylor,  being  the  most  complete  and  extensive,  are  given 
in  the  following  Table,  the  first  part  of  which,  up  to  S12" 
11  the  result  of  Mr.  Dalton 's  experimeiUs,  and  the  lattei 
put  is  the  resalt  of  those  of  Mr.  Philip  Taylor* 


TABLE  XI. 

tk$  Elmttic  Force  of  Steam,  from  3S  to  380  Degrees  of  Tern. 
perature. 


^ 

Voic«1ii 

§3 

Force  in 

1  u 

Force  In 

1  5* 

Force  la 

iuheief 

Inches  or 

r^ 

inchei  of 

iucliee  or 

Bwrcarjr. 

mercary. 

mercary. 

loercinry. 

71 

H 

149 

n 

0.S0O 

0.745 

110 

2.53 

7.23 

n 

0.207 

72 

0.770 

111 

2.60 

150 

7.42 

u 

0.214 

73 

0.796 

112 

2«8 

151 

7.61 

35 

0.221 

74 

0.823 

113 

2.76 

162 

7.81 

38 

0.229 

75 

0.851 

114 

2.K4 

153 

801 

37 

0.237 

76 

0.880 

115 

2.92 

154 

8.20 

39 

0.245 

77 

0.910 

116 

3.00 

155 

8.40 

39 

0.254 

78 

0.940 

117 

3.08 

156 

8.60 

« 

0.263 

79 

0.971 

118 

3.16 

157 

8.81 

fl 

0.:f73 

80 

1. 00 

119 

3.25 

158 

0.02 

« 

0.283 

81 

1.04 

120 

3.33 

159 

924 

43 

0.294 

82 

1-07 

121 

3.42 

160 

9-46 

44 

0-305 

83 

1-10 

122 

3.50 

161 

9.66 

45 

0.316 

84 

1  14 

123 

3.59 

162 

9.91 

46 

0.327 

85 

1.17 

»24 

3.69 

163 

10.15 

47 

0.338 

86 

1.21 

125 

3-79 

164 

10.4! 

48 

0.350 

87 

1.24 

126 

3-89 

165 

10.66 

49 

0-362 

88 

1.28 

127 

4-00 

166 

10.06 

50 

0-375 

89 

I. .32 

128 

4-U 

167 

11.25 

51 

0.38H 

90 

1.36 

129 

422 

168 

11.54 

H 

0.4O1 

91 

140 

130- 

4.34 

169 

11.83 

43 

0.415 

92 

144 

131 

4-47 

170 

12.IS 

44 

0.42S 

93 

1-48 

132 

4.60 

171 

12.4tl 

«6 

0.443 

94 

153 

133 

4-73 

172 

12.78 

40 

0458 

95 

1-58 

134 

4.80 

173 

13.02 

M 

0.474 

96 

1.03 

135 

6.00 

174 

13.32 

«8 

0.490 

97 

1-68 

136 

5-14 

175 

13.62 

M 

0.507 

98 

1-74 

137 

5.29 

176 

13.94 

m 

0.534 

99 

i.m 

136 

5.44 

177 

14.22 

61 

0.542 

IIM) 

186 

139 

5.59 

178 

14.52 

SI 

0.500 

101 

1-92 

140 

5  74 

179 

14.83 

tt 

(K578 

102 

1.98 

141 

5.90 

180 

Kyi-j 

64 

0.507 

103 

2.04 

142 

6.05 

181 

15.50 

SS 

0.S16 

104 

0.11 

143 

a2i 

162 

.lfr.K« 

S6 

a63S 

105 

2.18 

144 

6.3? 

183 

16  '-*3 

S7 

0.655 

106 

2.25 

145 

6.53 

164 

16.61 

ss 

0.675 

107 

232 

li6 

670 

166 

17.00 

60 

0.698 

108 

2.39 

147 

6.87 

186 

17.40 

70 

a72I 

109 

-Z46        1 

148 

705 

187 

]r.M 

358 
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Korea  in 

V 

Purm  III 

1-^ 

Fan:«  in 

Incboior 

kttcltc*  of 

io^kmat 

mercury. 

norcury. 

■i«pc«ry. 

H 

*• 
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188 

1820 

99'2 

3fl.9<t 

955 

fM.4'1 

169 

I8.«0 

W3 

d7.0« 

95(i 

o:>.50 

100 

ly.w) 

224 

37.50 

957 

60.00 

I9t 

10.49 

9•^5 

3M.00 

958 

67.75 

192 

IB.Hfl 

996 

3H.80 

250 

69.00 

lai 

90.34 

2*27 

3^t.V) 

200 

70.19 

IPH 

*^i).77 

22H 

40.20 

9«1 

71.95 

1H5 

ai.9> 

■-»•«» 

40'K5 

909 

79.45 

1<«J 

•ilOH 

S3> 

41-55 

903 

73.59 

15)7 

99.1  a 

231 

42.95 

904 

74  «» 

IJtt* 

9-2.0M 

9:*j 

43.(0 

905 

?*(.«  0 

IJM) 

9:1  Itt 

933 

43.75 

9«6 

77  95 

900 

93.(U 

934 

4400 

907 

78.50 

801 

9<.i-2 

935 

4550 

9fl8 

7P.W 

90^ 

94.01 

930 

4rt.40 

200 

hi. 14 

903 

•J&.  10 

9J7 

47-30 

970 

»r9>50 

904 

aaoi 

93H 

4K.20 

971 

M  W 

306 

20.1  J 

230 

49  10 

979 

h5.4.> 

900 

9rt6*J 

24U 

5I».00 

273 

t-0."'.'i 

907 

27.90 

241 

50.00 

974 

hM.50 

900 

97.74 

219 

:»i.75 

9^5 

INI.Wr 

90P 

9K.9n 

243 

52  09 

970 

ni  56 

9tO 

■^K-H4 

214 

53  50 

977 

tl3  15 

911 

90*41 

245 

54.40 

97H 

r4-7i» 

919 

3000 

940 

55.:W) 

27^» 

"0.2i» 

913 

30 '.M* 

247 

50.55 

«K0 

t'7  75 

914 

3lllt 

9^8 

5790 

*^«l 

im-25 

915 

31.M> 

949 

5h.20 

289 

10(».70 

916 

39  40 

•:fio 

&»'I9 

2f»3 

102.90 

917 

XUHt 

951 

00.10 

984 

IO3.8D 

910 

33  70 

959 

01  19 

98.') 

106.60 

919 

a<.90 

253 

09  15, 

980 

107.30 

990 

3&.00 

954 

03-90 

987 

100.00 

931 

35.50 

■ 

IW.' 


The  ror<*^(>ing  rules  and  table  apply  only  when  put 
water  h  used,  and  as  thore  are  nnmeroiis  instance*  h 
which  engines  are  worked  by  sleani  from  f:alt  water, H 
becomes  necessary  for  practical  men  to  have  the  memfff 
readily  determininsj  the  elastic  force  of  sleani  from  wittf 
impregnated  with  different  proportionH  of  ^all.  The  pro- 
portion of  salt  in  a  boiler  supplied  with  sea  water,  will 
continue  to  increase  during  the  evaporation,  until  tW 
water  becomes  saturated,  and  contains  H  of  sail;  whm 
the  elastic  force  of  the  steam  at  the  temperature  of  907* 
will  be  113.38,  which  is  less  by  34.44  inches  of  mrrcorfi 
than  the  force  of  steam  from  pure  water,  as  calculalad 
at  page  356. 
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To  fiiciiUate  the  computations  of  the  force  of  steam 
few  water  of  different  degrees  of  saltness,  a  table,  with 
tk  boiling  temperature,  and  the  constant  numbers  to  be 
md  as  divisors  instead  of  177,  is  subjoined.  The  propor- 
tKnof  saltness  can,  in  all  cases,  be  obtained  from  the  spe- 
tiSe  gravity  of  the  water. 


TABLE  XII. 

SMkmg  ike  Temperaiure  at  whieK  Water  eontaimnff  different  pmpor- 
itm  «fSalt  boils,  and  the  Numbers  to  be  nted  in  ealcuUtinjf  the  fore* 
•fStwam  therefrom. 


Number  for 

Proportion  of  salt. 

BoUiug  pojntft. 

calculating. 

Common  water.  .  .  . 

2I2» 

177 

Sea  water.  .  .  .  •  y^ 

2]  3.9 

177.6 

A 

214.4  . 

1783 

A 

215.5 

179 

iV 

216.7 

179.7 

A 

217.9 

180.4 

■A 

2)9 

181 

fi 

220.2 

181.6 

h 

221.4 

182.3 

h 

222.5 

183 

a 

223.7 

183.6 

H 

224.9 

184.3 

Saturated  solution  ^^ 

226 

185 

On  the  subject  of  the  conducting  powers  of  different 
^ies  for  heat,  Colonel  Sir  B.  Thompson  and  M.  Des- 
pretz  have  made  many  experiments.  In  examining  the 
conducting  power  of  air,  and  of  various  other  fluid  and 
solid  bodies,  with  regard  to  heat,  the  Colonel  was  led  to 
uveitigate  the  conducting  power  of  a  Torricellian  va- 
tmm.  From  the  striking  analogy  between  the  electric 
^id  and  heat,  respecting  their  conductors  and  non-con- 
^Qctors,  (having  found  that  bodies  in  general,  which  are 
condoctors  of  the  electric  fluid,  are  likewise  good  con- 
doctors  of  heat  ;  and,  on  the  contrary,  that  electric  bodies, 
or  sack  as  are  bad  conductors  of  the  electric  fluid,  are 

"kewise  bad  conductors  of  heat,)  he  was  led  to  imagine 
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that  ibo  Torricellian  vacuum,  which  ht  known  to  aford 
BO  ready  a  passage  to  the  el«clnc  tluid,  would  alfio  havr 
afforded  a  ready  passsg-e  to  heat.  The  common  vxptri* 
zneht9  of  heating  and  cooliiii^  bodies  under  the  receiver  of 
an  air-pump^  be  concluded  inadequate  to  determine  thi^ 
question,  not  only  on  account  of  the  inipojsihihly  ol' 
making  a  perfect  void  of  air  by  means  of  the  pump,  bot 
also  on  account  of  tho  rooint  vapour  which,  exhaliii| 
from  the  wet  leather  and  the  oil  used  in  the  machine,  ex- 
pands under  the  receiver,  and  fills  it  with  a  watery  fluid, 
wliich,  thoug-h  extremely  rare,  is  yet  capable  of  conduct- 
ing a  great  deal  of  heat;  be  had  recourse,  therefore^lo 
other  contrivances 

It  appears  that  the  Torricellian  vacuum,  which  afiords 
so  ready  a  passage  to  the  electric  fluid,  so  far  from  beiny 
a  good  conductor  of  heat,  is  a  much  worse  one  than  coa* 
mon  air,  which  of  itself  is  reckoned  among  the  worst:  Toff 
when  the  bulb  of  the  thermometer  was  surrounded  wilb 
air,  and  the  instrument  was  plunged  into  boiling  irittM, 
the  mercury  rose  from  18*^  to  ST,  in  45  seconds;  but  in  l)ifi 
former  experiment,  when  it  was  surrounded  by  a  Torn* 
celliun  vacuum,  it  required  to  remain  in  the  boiling  water 
1  minute,  30  secondsawQO  seconds,  to  acquire  that  decree 
of  heat.  In  the  vacuum,  it  required  five  minutes  to  ritf 
to  4^tV,  but  in  air  it  rose  to  that  height  in  2  minutes 40 
seconds;  and  the  proportion  of  the  times  in  the  other  ob- 
servations was  nrarly  the  same. 

It  appear>i  from  other  ejcperimenta,  that  the  conductiof 
power  of  air  to  Chat  of  the  Torricellian  vacuum,  undcf 
the  circumstances  described,  is  as  1000  to  702,  nearly;  for 
the  quantity  of  heut  communicated  bein^  equal,  the  ift' 
tensity  of  the  communication  is  inversely  as  the  lim«9. 

By  others,  it  appears  that  the  conducting  power  of  il^ 
is,  to  that  of  the  Torricellian  vacuum,  a^  9^^  to  16^1  ift' 
veraely,  or  as  1000  to  COS. 

Taking  now  the  conducting  powers  of  mercury^OOO* 
tb«  conducting  powers  of  the  other  media,  as  deterniatf^ 
by  tbc^e  experinimtfl,  will  be  as  annexed,  viz. 
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•rcury   1000 

[oiat  air 330 

'ater 3-12 

»innion  air,  density=l    flO| 

Rarefied  air,  density=«i 80i 

I       Rarefied  air,  density  =r^    7S 

The  Torricellian  vacaum • 65 

And  in  these  proportions  is  the  quantity  of  heat  H'hich 
Itse  different  inedia;^  are  capable  of  transmitting  in 
ly  given  time;  and,  consequently,  these  numbers  ex- 
^  the  letativc  sensible  temperatures  of  the  media,  as 

E  their  conducting  powers. 
raiive  Power  of  various  Substances  for  conducting 
I  Heat. 

From  a  series  of  experiments  very  carefully  conducted, 
.  Desprctz  has  obtained  the  following  results. 

Gold    1000.0 

Bilver 973.0 

Plalina    081.0 

Copper    898.2 

Iron  * 371..3 

Zinc     303.0 

Tin   303,9 

Lead    179.6 

Marble    23.6 

Porcelain    12.2 

Fir«  bricks 11.4 

All  the  bars  used  were  square  prisms.     Cavities  were 
fcde  in  them  at  equal  distances  of  10  centimetres,*  to  re- 
re  the  bulbs  of  small  thermometers.     The  side  of  the 
Uion,   except   for  the   two  last   bodies  in  the  list,  was 
lal  to  21  millimetres. +  The  bars  were  covered  with  the 
varnish,   to  give  them   an  equal   radiating   power, 
bar  experimented  with,  was  heated  at  one  extremity 
a  small  stove,  which  had  the  advantage  of  being 
^erned   readily,  and  of  causing  but   little  heat   in   the 
ice.     The   temperature  of  the  air   was  ascertained  by 
'Dsible  thermometer,  and  it  was  found  easy  to  make  it 


A  centimetre  is— .30371  of  an  English  inch. 
\  A  millimetre  is^.03937  ditto. 

16. 
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finished. 

Wood  conducts  so  feebly,  that  a   bar  of  21 
does  not  become  sensibly  heated,  a  few  centime 
one  of  its  extremities,  so  far  raised  in  temp 
carbonise  the  substance. 


1 


Heat  in  Fiues, 

Numerous  experiments  have  lately  bcoa^ 
France,  for  ascertaining  the  laws  regulating  || 
with  which  hot  air  passes  through  Hues,  &c.  T1 
appear  to  be, — first,  that  flues  oppose  to  the 
hot  air,  a  resistance  proportioned  to  the  lei 
pipe,  the  square  of  the  rapidities,  and  in  an  ii 
to  the  diameter: — secondly,  that  the  co-efGci 
tioD,  is  not  the  same  with  reference  to  di 
stances: — thirdly,  that  by  narrowing  the  inl 
of  a  flue,  the  body  of  air  passing  throug] 
solely  in  proportion  to  the  diameter  of  the 
consequently,  that  the  rapidity  in  the  orifi< 
creases  in  an  inverse  ratio  to  its  diameter, 
results  are  capable  of  numerous  applications 
arts. 

It  now  appears,  that  the  diameter  of 
also  a  powerful  element   in  draught;  limits 
superior  oriBce  is  fixed,  indefinite  when  it  is 
this  element  costs  very  little  expense. 
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SECTION  11. 
ON  STEAM  ENGINE  BOILERS. 


It  is  a  current  opinion  among  engineers,  that  so  much 
has  already  been  done  towards  perfecting  the  steam  en- 
gine, (hat  there  remains  very  little  more  to  eflfect  in  its 
inprovement,  and,  consequently,  that  the  eflorts  of  the 
mechanic  and  the  man  of  science  would  be  more  profitably 
directed  towards  improving  the  construction  of  the  boiler, 
or  apparatus  for  generating  the  steam. 

As  steam  appears  to  be  simply  water  in  a  highly  rare- 
fed  istate,  produced  by  the  repulsive  power  of  heat   in- 
Bhnating  itself   between   its  particles,  it   follows  that   a 
pven  quantity  o{  heat  can  only  convert  a  given  quan- 
tity of  water  into  steam,  no  matter  under  what  form  of 
ipparatus  the  heat  be  applied,  provided   it  be   made  to 
enter  the  water.     That   boiler  is  therefore  the   best   for 
general  purposes,  in  which  the  least  portion  of  the   heat 
pvea  out  by  the  fuel  is  wasted;  or,  (in  other  words)  thai 
by  which  the  greatest  quantity  of  heat  is  made  subservient 
to  the  production  of  steam.      But  as  a  draught   of  air 
Ikrongh  the  grate  to  the  chimney  is  necessary  to  combus- 
tion, some  loss  of  heat  from  this  cause  appears  to  be  un- 
avoidable; and  to  reduce  this  loss  to  its  minimum,  ought 
to  be  oae  of  the  principal  objects  in  the  construction  of  a 
^team  boiler.     This  object  is  best  attained  by  causing  as 
ouch  OS  possible  of  the  heated  air  to  impinge  upward  on 
*^*e  under  surface  of  the  boiler;  as,  from  the  tendency  of 
btil  10  rise,  the  lateral  effect  of  it  is  very  little,  and  the 
douftticard  effect  still  less: — these  remarks,  however,  only 
■pply  to  boilers  of  the  common  forms. 

Bas  the  beat  is  to  be  transmitted  through  the  sub- 
r  the  boiler  to  the  water,  it  is  of  essential  iniporl- 
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copper. 

We  are,  however,  disposed  to  think  that  tniej 
would   be  best   attained  by  the  employment 
boilers,  for  several   reasons.     First,  as  respecl 
price;    the    labour   of   working   copper   and 
nearly  alike,  need  not  be  taken  into  account; 
encc  of  cost,  therefore,  lies  only  in  the  rclatii 
the  two  metals,  the   iron   beinc;:  iwo-pence  per 
the  copper   twelve-pence.      But  when  an   iron 
worn  out,  the  old  metal  \9  scarcely  worth  the 
removal,  while  the  old  metal  of  a  copper  boih 
ten-pence  per  pound   (two-pence  per    pound 
price  cbarf^ed   at  the  mills  for  converting  old 
new);  ten-pence  per  pound  being  thus  returnei 
purchaser,  the  money  actually  sunk   is  not  mt 
the  case  of  the  iron. 

The  experiments  of  various  philosophers 
that  iron  possesses  greater  cohesive  strength  tl 
the  average  of  their  calculations  (as  they  vary* 
bly,)  will  make  the  difference  of  strength  abouli 
but  owing  to  the  greater  uniformity  of  (he  cryvti 
fibrous  arrangement,  and  greater  freedom  froi 
copper  is,  (o  a  certain  extent,  more  to  be  d«peMl 
than  iron  plates,  in  the  state  they  are  received  i 
mills.  At  least,  this  view  of  the  subject  is 
and  acted  upon  by  manufacturers,  who  unifc 
Conner  hoilera  nf  mnrh  tkim 
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By  ft  reference  to  the  table  of  the  comparative  con- 
ducting; power  of  various  substances,  at  page  361,  it  will 
Iwseen  that  the  advantages,  in  this  respect,  of  copper,  are 
K)  great  as  to  entitle  it  to  a  decided  preference;  espe- 
cially for  locomotion,  in  which  a  reduction  of  bulk  and 
weight  is  of  the  utmost  value.  An  iron  boiler,  of  the  «ame 
Ihickness  as  a  copper  one,  will  require  more  fuel  to  pro- 
duce the  same  effect  or  quantity  of  steam  in  a  given  time; 
for  it  is  evident  that  a  portion  of  the  heated  matters  that 
impinge  upon  the  surface  of  a  copper  boiler  is  not  taken 
Dp  by  it,  and  as  the  conducting  power  of  iron  is  less,  a 
greater  quantity  of  the  products  of  the  fuel  must  pass  off 
misapplied,  or  wasted.  Althou<^h  we  are  furnished  with 
llie  ratio  of  the  conducting  powers  of  the  two  metals, 
ve  are  still  unable  to  estimate  precisely  their  relative 
practical  advantages;  for,  if  the  time  which  elapses  be- 
tween the  heated  air  impinging  against  the  bottom  of  the 
boiler,  and  its  entering  the  chimney,  be  greater  than  the 
time  which  the  caloric  would  occupy  in  passing  through 
an  iron  boiler,  it  follows  that  the  effects  would  not  be  in 
the  snme  ratio  as  the  conducting  powers  of  the  metals. 

The  rupturing  of  vessels  exposed  to  heat  is  owing  not 
uofrequently  to  the  unequal  expansion;  and  for  that 
reason,  the  thicker  their  substance,  the  greater  their  lia- 
bility to  fracture.  The  thin  glass  oil-flask  withstands  the 
heat  of  an  argand  lamp,  but  thick  glass  vessels  infallibly 
break;  this  arises  from  glass  being  nearly  the  worst  con- 
ductor of  heat,  the  heated  part  expanding,  while  the  cool 
parts  do  not,  a  separation  takes  place.  Cast-iron  boilers 
oftpn  burst  from  the  same  cause;  wrought-iron  boilers, 
being  better  conductors  of  heat,  are  safer  than  cast-iron; 
and  copper  boilers  are,  for  the  same  reason,  preferable  to 
wrou^ht-iron.  Our  limits  prevent  us  from  entering  so 
fully  into  these  points  as  we  cculd  wish,  but  the  advan- 
tagefi  of  copper  boilers  over  iron  are,  we  think,  suflSciently 
Apparent,  from  the  foregoing  considerations. 

In  the  construction  of  boilers  generally,  the  bottom  sur- 
face should  be  of  suflicient  extent  to  be  capable  of  ab- 
sorbing as  much  heat  as  will  be  necessary  to  produce  the 
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required  quantity  of  steam  ;  what  little  heat  may  be  givci 
out  laterally,  serving  to  prevent  conilensation  in  tUt*  uppa 
f)art  of  the  vessel  (or  vessels);  and  the  smoke,  before  it 
passes  up  the  chimney,  should  be  robbed  as  much  as  p(» 
sible  of  its  heat,  by  being  brought  into  contact  with  ill 
conduit  pipe,  by  which  the  boiler  is  supplied  with  coM 
water. 

There  is  a  considerable  waste  of  fuel  iu  prududa} 
steam  by  intensity  of  heat  upon  a  small  surface;  tlicap* 
plication  of  a  moderate  heat  (800°  Fahrenheit)  upoa  ■ 
large  surface,  bein^  far  more  economical.  A  cubic  foot 
of  water  converted  into  steam  per  hour,  has  been  reckoaai 
as  equivalent  to  one  horse's  power;  and  Mr.  Watt  hii 
observed,  that  this  quantity  of  steam  could  be  raiaed  fK 
hour  by  eight  feet  of  surtacc  of  boiler,  in  a  judicioMl) 
constructed  furnace.  In  practice,  it  is  usual  la  allov 
from  four  to  five  feet  of  bottom  surface  of  boiler,  to  rmiw 
one  cubic  fool  of  water  into  steam  per  hour. 

It  is  considered  e&iential  that  a  boiler  should  coatoil 
four  or  live  times  as  much  water  as  it  boils  off  per  bo«r; 
and  it  is  obvious  that  it  should  have  a  space  abofa  tW 
water,  capable  of  containing  as  much  steam  us  will  xupplt 
the  engine  at  cuch  stroke,  without  materially  diminishiaf 
its  elastic  force;  for  this  purpose,  the  steam  roon  ahiMU 
hold  a  volume  equal  to  the  supply  of  eight  or  tea  atfaka 
of  the  engine. 

In  large  engines,  it  is  usual  to  employ  two,  ihree,  or 
more  boilers  to  supply  them  with  steam ;  one  of  ihMi  h^ 
ing  reserved  for  use,  iu  case  of  repairs  being  reqaifWto 
the  others.  In  fact,  a  spare  boiler  should  be  proriM, 
wherever  stoppages  are  of  serious  imporiancc  in  a  c«a* 
cern ;  for  this  reason,  there  are  two  boilers  to  only  a  let* 
horse  engine,  at  the  Lfondon  Portable  Gas  Works,  eac& 
boiler  being  used  alternately. 

The  strength  of  high-pressure  boilers  shonld  be  at  Wail 
three  times  the  regulated  pressure  on  the  safety  Taltti 
for  low-pressure  boilers,  a  strength  equal  to  twice  Ihtj 
pressure  on  the  safety  valve  iiuiy  be  deemed  sufficicot. 

There  are  many  other  circumstances,  in  the  coniiti 
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boiler,  that  should  be  taken  into  consideration  ;  but 
e  limits  of  this  treatise  preclude  our  enlarging;  upon 

kii  head,  we  refer  the  inquisitive  reader  to  Mr.  Tred- 

told'tt  excellent  work  on  the  steam  engine,  where  the  sub- 

kcl  is  very  ably  treated. 

I  Upon   the   form  of  boilers  much  of  their  strength  dc- 

fods;  this  circumstance,  as  well  as  many  others,  will  be 
[tsidered  In  the  descriptions  of  a  variety  of  new  contri- 
Inces  for  generating  stcnm,  contained  in  the  following 
ucs.  In  the  early  part  of  this  work,  the  globular,  the 
Imi-spherical,  the  cylindrical,  the  waggon-shaped,  and  a 
iriety  of  other  forma,  have  been  duly  noticed  along  with 
■e  accounts  of  the  steam  engines  to  which  they  formed 
ipendages.  Those  that  follow,  possess  fair  claims  to  at- 
|ntion,  either  as  matter  of  history,  or  for  their  intrinsic 
writ.  As  it  would  be  a  needless  task  to  class  them,  we 
ive  simply  arranged  them  in  the  order  of  their  dates, 
^Deluding  the  description  of  them,  with  a  few  brief  cri- 
reroarks  on  their  properties. 


[FIG.  2.) 


»  (FIG.l.) 


lateni  Steam  Engine  Boiler^  b\j  Morton  and  Fisher,  of 
BimiiiKjham,     ]S^3.J 


l*be  peculiarity  in  this  invention  seems  to  consist  in  the 
Icing  of  a  reservoir  for  the  steam  generated,  within  the 
ler;  which  steam,  being  constantly  surrounded  with 
vater,  loses  none  of  its  heat  by  radiation.     These 


ii^uiLii* ; 

a  a  a,  6gs.  1   and  2,  show   the  external  A 
boiler,  round  which   the  furnace  and  flues  artt 
structed ;  b  b  b  Is  the  internal  vessel,  or  reserv 
taining  the  steam  generated ;  c  c  exhibits  that 
boiler  that  is  filled  with  water,  which  is  repi 
means   of  the   tube  o  o,    from   another  resonr 
above.      The  heat  having  caused  the  steam 
upper  part  of  the  boiler /I cf,  it  paflses  from  (her 
the  bent  tube  e  c,  into  the  steam  resenroir  b  b  \ 
whence  it  is  conveyed  to  the  engine,  through  t 

At  the  upper  part  of  the  tube  c,  at  n,  a  safs 
placed,  for  regulating  the  force  of  the  steam. 
cock  for  drawing  off  whatever  water  may  be 
the  steam  reservoir,  and  under  this,  at  i*,  ia  a 
for  cleaning  out  the  boiler  :  /  /  are  man  holes 
access  into  the  interior,  whenever  necessary* 

The  boiler  is  of  a  novel   and  ingenious  comI 
and  as  it  has  doubtless  been  put  in  practice  by 
teeH,  who  arc  large  manufacturers  of  steam  boi 
deserve  investigation,  to  determine  how  far  I 
of  that  portion  of  the  boiler  containing  the 
loss  of  heat  by  radiation,  is  superior  to  the 
the  portion  containing  the  steam. 

^attnt  Capillary  Steam  BoilerSy  by  John 
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workinf  of  an  engine;  but  we  arc  not  in  possession  of  any 
authentic  data  by  which  uc  can  come  tu  a  conclusion 
of  it<t  practical  merits:  the  arrangement  of  this  patentee 
is,  however,  deserving  of  u  brief  description,  especially  aa 
we  have  noticed  patented  inventions  of  a  later  date,  hav- 
ing a  close  resemblance  to  this. 

Mr.  Paul  employs  a  long  copper  (or  other  metal)  pipe 
of  small  diameter,  coiled  round  the  inside  of  the  furnace 
into  a  conical  figure,  within  which  the  fuel  is  situated. 
The  interior  of  the  furnace  thus  constructed,  h  enclosed 
byacasing  of  sheet  iron,  with  flanges  fixed  round  the  in- 
terior for  supporting  the  coils  of  pipe,  a  portion  of  which 
issobent  as  to  form  a  kind  of  grating,  on  which  the  fuel 
blaid.  The  fuel  is  supplied  through  the  upper  part  of 
the  cone  where  the  smoke  escapes,  or  it  may  be  by  an 
aperture  made  in  the  side  of  it,  between  the  coils,  for  that 
purpose.  The  casing  may  be  single  or  double;  the  latter 
is  preferable,  where  the  increased  weight  of  the  appa- 
ratus is  not  an  objection,  in  which  the  space  between  the 
two  cases  is  filled  with  brick-dust,  ashes,  or  any  other 
slow  conductor  of  heat.  When  the  single  case  only  it 
ttsed,  it  is  to  be  coated  by  substances  of  a  similar  nature, 
(o  prevent  the  radiation  of  heat. 

When  the  fuel  is  ignited,  and  the  pipes  ate  heated  to 
redness,  the  water  is  injected  by  a  force  pump,  in  such 
mil  portions  as  to  cause  it  to  be  immediately  converted 
into  steam,  which  steam  receiving  a  contintfal  accession  of 
W  in  its  revolutions  round  the  furnace,  escapes  uUi- 
Biately  at  the  other  extremity,  at  a  very  high  temperature, 
in  which  state  it  enters  the  engine.  The  boiler  we  have 
Bow  described,  the  patentee  designs  for  general  purposes. 

For  locomotive  carriages,  Mr.  Paul  purposes  to  con- 
struct a  coiled  tubular  boiler  of  a  different  form.  Tliis 
•"sy  be  described  as  the  upper  and  lower  frustrum  of  the 
*»me  hollow  cone;  the  base  of  the  latter,  which  is  the 
wgest,  is  placed  upwards,  and  the  former  is  placed  within 
'tj  *ith  its  base  or  broadest  end  downwards.^  As  the 
"pper  parts  of  these  frustra  of  the  cone  now  divergo 
^rom  each  other,  and  their  lower  edges  are  in  contact,  it 
16.  .3b 
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is  easy  lo  conceive  this  figure  to  be  formed  of  or 
nuous  coiling  of  the  same  pipe ;  this  furnace  is  supports 
by  a  circular  frame  work,  or  enclosed  in  a  case  fo 
of  iiun-conducting  materials.  The  interior  cone  of  pipe 
rises  (o  about  Iwo-thirds  of  the  height  of  the  exterior,  an 
the  fuel,  which  is  supplied  by  an  air-tight  box,  is  brapc^ 
up  between  them;  the  ashes  pass  through  a  hollo 
verted  cone,  into  a  receptacle  beneath.  Air  is  supptMi 
to  the  fuel  by  means  of  a  pipe  pa^ised  through  the  asb< 
hole,  and  the  force  of  the  current  increased  by  the  actioi 
of  bellows. 

In  this  form  of  boiler,  the  water  should  be  iDJacttd 
from  the  upper  extremity,  and  having  descended  lo 
lower,  ascend  the  interior  cone,  receiving  an  ioc 
degree  of  heat,  until  it  escapes  at  the  upper  extrenityof 
the  latter,  in  the  state  of  highly-compressed  steam.  For 
an  engine  of  two*horse  power,  the  patentee  purp 
tube  of  150  feet  in  length,  with  an  internal  diameter  of 
only  three  sixteenths;  thickness,  one  sixteenth;  making  th* 
external  diameter  only  five  sixteenths  of  an  inch.  Engii 
of  greater  power  to  have  tul>es  of  proportionably  gTtm\0 
dimensions. 

Mr.  Joseph  Buchanan,  of  the  United  States,  inveolid^ 
constructed,  and  published,  at  about  the  same  period  of 
time,  a  description  of  a  boiler  of  precisely  the  same  kisd 
as  the  foregoing.  Both  the  inventions  are  probably  ofi- 
ginal,  and  the  inventors  are  also  entitled  to  the  credit  of 
having  introduced  capillary  boilers,  which  will  bo  fovatf 
u  great  convenience  wherever  they  raise  sufficient  ateam. 


JjfflU 
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'his  boiler  is  a  modification  of  a  steam  apparatus  first 
nduced  by  the  patentee  for  the  evaporation  of  suf^^ar, 
&c.  The  former  invention  consisted  in  the  applica- 
of  the  lower  vessel  6  alone;  the  en^aving  represents 
biection,  and  the  fig-ure  of  it  is  supposed  to  he  a  paral- 
;ram.  The  top  and  bottom  of  thin  vessel  are  strong;])' 
together  by  means  of  screw  bolts,  which  are  placed 
)out  nine  inches  apart  over  its  whole  space,  nnd  thus 
t  strength  is  obtained  in  a  boiler,  with  the  advantages 
ery  thin  metal,  by  which  the  heal  is  more  readily 
emitted.  The  water  was  supplied  to  this  vessel  by 
19  of  a  pipe  and  funnel;  it  had  a  guage  cock  for 
ruining  the  depth  of  water,  and  two  drawing  off 
s;  a  safety  valvey  was  likewise  attached)  with  a  varia* 
weight. 

be  present  invention  consists  in  adding  to  the  part 
idy  described  the  upper  vessel  a,  which  is  constructed 
He  same  manner  as  the  lower  one;  but  so  that  the 
iT  part  of  the  lower  one  forms  the  bottom  of  the 
!r  one,  or,  as  it  were,  a  partition  c  between  them.  A 
p  supplies  the  boiler  with  water;  at  the  other  end 
ilaced  two  guage  cocks,  also  a  safety  valve  g^  loaded 
a  variable  weight,  to  regulate  the  pressure. 
5out  two  inches  deep  of  water  are  put  into  the  lower 
^1,  and  the  otlier  being  half  filled,  the  fire  is  lighted^ 
h  quickly  raises  the  water  in  the  lower  vessel  to  ebul- 
&,  the  stream  of  which  acts  upon  the  lower  surface  of 
ipper  boiler,  giving  out  its  heat  to  the  water  con- 
'd  therein  :  but  becoming  itself  thereby  condensed,  it 
back  in  a  shower  into  the  bailing  water  below,  and 
y  thus  alternately  vapourised  and  condensed,  sufficient 
is  given  off  to  the  contents  of  the  upper  vessel,  to 
ert  that  into  a  steam  chamber  of  a  uniform  tempero- 
and  of  any  required  degree  of  pressure.  The  steam 
iveyed  fron»  the  upper  vessel,  along  the  pipes  e  c,  to 
Lte  the  engine. 

by  this  apparatus,  two  shallow  strata  of  water,  sepa- 

by  very  thin   metallic  plates,  are  exposed   to   the 

I  action  of  heat,  the  transmission  of  it,  and  the  con- 
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version  of  the  water  itiio  steam,  Is  very  rapid;  conse* 
quently,  a  boiler  of  thin  kind,  might  be  found  desirable 
for  nn  engine  where  stoppages  are  frequent.  The  pxpeoBe 
of  one  of  these  vessels  must,  we  think,  be  greater  thaou 
ordinary  boiler  of  equal  capacity,  on  account  of  tbr 
labour  attending  the  making  of  so  many  joints  steam-li^hl, 
and  the  subsequent  difficulty  of  keeping  them  so. 

Patent  meth4)d  of  changing  the  Water  in  Steam  Engm 

Boilers,  by  Messrs.  Maudslay  and  Fiddj  of  WeslminsUt 

Bridge  Noad,  1824. 

On  account  of  the  great  deposition  of  salts  and  evtby 
matter,  chiefly  calcareous,  on  the  bottom  and  sides  of  tke 
boilers,  when  sea  water  is  employed  for  the  production  of 
steani^  the  patentees  (who  are  eminent  steam-engine  mt^ 
mifacturers)  have  proposed  an  arrangement  of  apparatuif 
applicable  to  steam  boats,  by  which  the  water  is  conti* 
nually  being  changed,  and  by  that  means  obviates  a  great 
practical  inconvenience  at  present  existing.  In  tnakiDf 
long  voyages,  the  boilers  sometimes  become  so  charj 
with  brine,  as  to  render  it  expedient  to  stop  the  pi 
of  the  vessel,  in  order  to  discharge  the  contents  of 
boilers,  and  fill  them  anew  with  sea  water;  for,  tf 
heat  be  continued  after  a  considerable  deposition  bas 
taken  place,  the  steam  can  only  be  raised  by  a  grt'stly 
increased  expenditure  of  fuel,  and  the  augmentation  of 
the  heat  seriously  injures  the  tenacity  of  the  metal,  of 
which  the  boilers  arc  composed. 

The  patentees  state,  that  from  20  to  50  per  cent,  of  lb* 
quantity  of  water  evaporated  being  taken  from  the  cos* 
centrated  brine,  will  keep  the  water  within  a  degree  of 
ualtness,  from  which  no  practical  evils  will  result,  how* 
ever  long  the  boiling  be  continued;  the  quantity  tbil 
abstracted  from  the  boiler  being  of  course  replaced  bf* 
like  quantity  of  sea  water  in  its  natural  state. 

The  abstraction  of  the  brine  is  made  by  means  oft 
timall  pump^  with  a  loaded  di'icharge  valve,  worked  bt 
the  engine,  and  so  proportioned  as  to  draw  from  lb« 
lowe*it  part  of  the  boiler  the  quantity  determined  oDi 


I  may  be  regulated  by  a  meter,  showing  the  quantity 
ter  driven  off  in  the  form  of  »teani.  The  operation 
t  pump  U,  however^  not  to  commence  until  the  brine 
Itained  a  considerable  degree  of  concentration  ;  it 
J,  for  instance,  contain  five  times  as  much  salt  as 
on  sea  water;  after  this,  every  stroke  may  be  made, 
ans  of  the  pump,  to  take  as  much  salt  out  of  the 
,  as  is  deposited  in  the  boiler  by  the  steam  vsed  in 
troke,*  By  these  means,  the  water  in  the  boiler  can 
exceed  a  certain  predetermined  degree  of  satura- 
ind  whether  the  engine  be  working  quickly  or  slowly, 
lanlity  withdrawn  may  always  be  made  to  bear  the 
proportion  to  the  quantity  left  in,  thus  avoiding  one 
)  greatest  evils  to  which  steam  vessels,  in  making 
'oyages,  have  hitherto  been  subjected, 
economise  the  heat  and  consequent  expenditure  of 
he  patentees  further  purpose  that  the  hot  brine  ex- 
d  by  the  pump,  be  discharged  into  a  vessel  contain- 
serics  of  metal  pipes  of  a  snmU  calibre,  stniilar  to  a 
eratory.  Through  these  pipes,  which  lie  immersed 
hot  brine,  the  supply  water  is  to  be  made  to  pass, 


thin  may  not  be  readily  understood  by  some  readers,  we  shall 
dearour  to  explain  it,  by  a  numerical  atatemenL  The  quaii. 
nit  in  the  water  of  oar  »ca«  (the  German  Orean,  for  instance.) 
I  three  per  cent.,  consequently,  a  vessel  holding  1000  pounda 
water,  contains  iu  solution  SO  pounds  of  salt.  By  evajwratiou 
»r  is  driven  off,  leaving  the  brine  more  concentrated;  and 
itadditiomi  of  salt  water  being  made  to  supply  the  waste  by 
itiOD.  the  water  in  the  boiler   gradually  increases  in  saltne^is, 

contains  five  times  as  much  salt  as  common  sea  water.  The 
iDods  of  watfrf  in  the  boiler,  therefore,  now  holds  160  pounds 
n  solution,  or  16  per  cent.  Now,  supposing:  that  200  pounds 
water  be  driven  off  by  steam  in  a  given  time,  and  tti  Ihc  same 
b«j_-   *!..*  cn*uM.«ri.  r.r»ha  Vkrttt^  l\«*  •avtmrtf^d  hv  the  riunm. 
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n  order  to  abstract  the  heat  in  its  progress,  and  deliver 
the  sea  water  into  the  boiler  in  a  heated  ^tate. 

This  invention  content  great  credit  on  the  eminent  pi- 
ten  tees ;  nor  do  vre  see  any  obstacle  to  the  judicious  ip- 
rangementB  herein  purposed,  being  carried  into  full  efirct. 


{Patent  "  Sttam   Chambers^'  by  John  M'Curdy^  of  Cm 

Street,  London,  18S4.) 

Thin  invention  originated  in  America,  where  pr«at 
ticipations  were  entertained  of  its  utility,  and  it 
announced  in  the  public  journals  of  England  and  Eu 
generally,  not  merely  as  an  important  discovery  in  »cirB<rf 
but  as  forming  almost  an  era  in  the  History  of  the  Stca^ 
Engine.  Mr.  M'Curdy  brought  the  invention  over  u 
this  country,  took  out  a  patent,  and  Hubsequently  ftoU  bf 
patent  right  for  a  large  sum  of  money. 

The  construction  of  this  apparatus  is  shewn  by  the 
ceding  cut,  which  represents  a   longitudinal  sectioD 
single   tube   a,    of    considerable    thickness,    is    made  I 
wrought  iron,  and  of  the  following  proportions: — Irogtl^ 
1 1  feet ;  diameter,  six  inches  at  the  large  end,  and  ta 
ing  gradually  to  the  other  end,  where  it  is  only  tkn 
inches  in  diameter.     It   is   bent  into  the  form  represeni 
in  the  figure.     Into  the  large  extremity  of  thi^s  tube, 
inserted  an  injection  barrel,  closed  at  the  extremity  6,  bt 
having  very  numerous  minute  perforations  over  the 
of  its  surface  in  the  tube;  the  other  end  of  the  injeclk 
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lirreic  ia  connected  to  a  forcing- pump,  d  is  the  pipe 
wbicb  conducts  the  steam   to  the  engine. 

This  vessel  is  placed  in  a  furnace,  and  when  heated 
sufficiently,  the  water  in  forced,  by  means  uf  the  pump, 
Ibrough  the  injection  barrel,  by  which  it  is  distributed  in 
s  finely  divided  state  over  the  interior  surface  of  the 
beated  chamber,  which  instantly  converts  it  into  steam  of 
very  high  pressure. 

It  was  stated  by  the  patentee,  that  a  patent  steam  cham- 
ber of  the  dimensions  we  have  given,  is  capable  of  gene- 
rating as  much  steam  as  a  boiler  containing  150  cubic 
fwt.  To  increase  the  power,  it  was  purposed  to  increase 
tbe  number  of  the  steam  chambers,  each  of  which  was  to 
be  supplied  by  a  distinct  pump.  It  was  further  stated, 
tkat  a  cubical  inch  of  water,  injected  into  one  of  these 
cbambers,  and  flashed  into  steam,  afforded  sufficient  for 
ooe  stroke  of  a  four-horse  engine. 

Notwithstanding  the  high  expectations  of  the  ndvan- 
lagM  of  this  new  method  of  generating  steam,  the  expe- 
rineiils  have  not  proved  so  successful  as  to  warrant  its 
^option;  arising  chiefly  from  the  difficulty  of  keeping 
up  sufficient  heat  to  convert  all  the  water  injected  into  it, 
intosteam,  and  the  consequent  ejection  of  the  water  left 
ID  tbe  chamber  with  the  steam,  into  the  cylinder  of  the 
engine. 

Patent  Steam  Engine  Boiler,  by  Mr,  John  Moore^  qf 
Bristol  1824. 
This  boiler  consists  of  a  series  of  tubes  set  up  vertically, 
iind  arranged  in  a  circle,  with  their  upper  ends  entering 
•circular  chamber,  bent  round  in  a  horizontal  direction, 
*<»a9  to  form  a  ring,  and  their  lower  ends  entering  a  simi- 
'''r  ring  at  bottom.  Upon  a  level  with  the  lower  ring  or 
tfaainber,  and  within  the  circle  of  the  vertical  tubes,  a 
paling  is  flxed,  for  the  reception  of  the  fuel.  The  water 
•* supplied  by  a  reservoir,  which  is  also  a  large  tubular 
"■'fg,  embracing  the  vertical  tubes  externally,  a  little 
**>ove  the  middle  of  their  height;  from  this,  the  water  de- 
scends through  small  pipes,  and  enters  the  lower  chumbery 
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which  it  Hlls,  and  rises  partly  up  the  vertical  luUes;  Lere^ 
being  exposed  to  (he  fire,  steani  is  produced  in  the  opprr 
partof  eucli  tube,  and  collected  in  the  tubular  ring  aboref 
from  whence  it  proceeds  by  a  pipe  to  the  engine.  In  ctfp 
the  ebullition  in  the  pipes  should  throw  any  water  iata 
the  upper  chamber,  connecting  pipes,  between  tbat  ft 
and  the  reservoir,  are  employed  to  carry  it  back  to 
latter. 

The  position  of  the  vertical  pipes  is  very  unfavourabb 
for  the  generation  of  Hteani,  as  heat  is  communicated 
very  feebly  in  a  lateral   direction.     The  other  ai 
ments  are  judiciously  contrived. 

\J*ateHt  Revolving  Steain   Boilers^  by  Mr.    Thompsan,  ^ 
Chehea  Steel  Works^  and  Mr.  Barr^  of  Haltsowtmy 
fordshire.    18^5. 

The  patentees  describe  their  invention  to  consiit  M 
'causing  the  boilers,  or  steam  generators,  to  revohe  ii  t 
furnace,  so  that  nearly  the  whole  of  their  surfaces  may  W 
equally  exposed  to  the  direct  action  of  the  tire,  aadbi 
'those  means  produce  a  uniform  heat  to  the  wmter^  aoilu 
equal  expansion  of  the  meini  with  which  the  vcawli 
€on!»tructed.  In  the  drawings  attached  to  the  specil 
tion,  the  most  approved  arrangement  on  the  rotary  prii- 
ciple  is  exhibited,  but  as  it  is  capable  of  being  tmtj 
explained  without  any  such  illustration,  we  shall  dispevr 
with  the  use  of  it. 

Four  cylindrical  vessels  are  placed  horizontally  »^ 
reqtii-distant  over  the  fuel,  in  the  midst  of  a  furua 
-adapted  to  receive  them;  each  of  these  cylinders  is  pnv 
vided  with  axles  or  pivots,  which  pass  through  the  wiUi 
of  the  furnace,  and  turn  upon  bearings  on  the  Dutiid<«: 
•ach  of  these  axles  carries  a  small  spar-wheel,  and  roolim 
is  communicated  to  them  all  by  a  fifth  tooth-wheel,  npoi 
a  separate  axis,  situated  centrically  belwocn  the  four***- 
scribed.  The  axis  of  the  central  wheel  ia  put  in  aoim 
by  gearing  of  the  ordinary  kind,  in  c  >nnexion  with  t^ 
Rteam  engine. 

The  boilers  are  supplied  with  water  from  one  adrf 
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their  respective  axrs  (made  hollow  for  that  purpose),  by 
ntransofa  forcing- pump;  Ihc  escape  of  which,  during  its 
tnnsmisDion,  is  prevented-  bv  stufiing-hoxes,  containing  a 
ralve  opening  inward?!,  which  the  expansive  force  of  the 
steam  keepn  shut,  except  at  the  moment  that  the  superior 
poverof  the  pump  injects  a  portion  of  water.  The  stearo^ 
uit  ii  generated  in  each  cylinder,  passes  oif  al  the  oppo- 
«te  extremity  to  that  where  the  water  enters;  that  is, 
throng  the  opposite  hollow  axes,  and  enters  a  vessel, 
frDtn  If  lience  it  is  delivered  to  (he  engine  in  the  usual 
manner.  The  patentees  state  that,  by  their  apparatus, 
''the  quantity  of  steam  produced  by  the  same  portion  of 
fuel,  will  be  found  much  greater  than  by  any  means  yet 
employed  for  the  generation  of  steam.'* 

With  respect  to  the  fuel,  this  plan  is  probably  an  eco- 
nomical one,  but  the  cost  of  the  erection  of  such  a  boiler, 
and  its  complex  structure,  must  prove  a  great  drawback 
tft  its  utility.  The  method  of  injecting  the  water,  failed 
iiiM*Curdy*s  boiler,  and  has  of  course  in  this  also.  Ano- 
ther objection  to  it  is,  the  groat  difticulty  of  keeping  the 
vessels  steam-tight  at  their  hoUowaxes:  to  prevent  the 
^ape  of  steam,  the  stuffing-boxes  must  press  hardly  upon 
"icaxis,  the  friction  of  which  and  the  cog-wheels,  toge- 
•fer  with  the  great  weight  kept  in  motion,  must  subtract 
'^rgely  from  the  power  of  the  engine. 

^f',  J.  Bellingham*s  method  of  generating  Steam,  by  the 
burning  of  Tar  under  the  Boiler.     1834. 
In  a  letter  inserted  in  the  Register  of  Arts,  it  is  stated 
''at  Mr.  J.  Bellinghain  had  employed   the  combustion  of 
i^al  tar  very  successfully,  as  an  auxiliary  with  the  ordi- 
*^^ry  fuel,  in  the  production  of  steam,  on  board  of  a  steam 
F^Vkat  in  Ireland.     The  boiler  had  a  furnace,  in  which  coal 
r^«8   burned  as  usual,  but  at  the  back  of  the  furnace  a 
r^Tiea  of  retorts  were  set  in  an  oven,  containing  ignited 
^^ke,  on  which  was  thrown,  by  jets,  a  uniform   quantity 
^flbe  tar.     The  smoke  from  the  coal  passed  through  the 
•"^lorts,  where  it  was  inflamed,  and  returned  through  the 
r*««ler  to  the  iron  flue.     The  effect  of  this  arrangement  ]%• 
17<  3  c 
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elated  (o  be  *-^  tho  complete  combustion  of  every  pttrlicle 
that  escapes  combustion  in  the  fintt  fire,  tu  well  im  liir 
great  advantage  of  burning  so  much  more  oxyg^n^  b}  Uir 
increased  draught,  in  consequence  of  the  rarefaction  of 
the  air  in  (he  red-hot  chamber.  The  stove  that  conl^^H 
the  hot  chambers  is  encircled  by  the  water  in  the  boffl^^ 
as  well  as  the  entire  of  the  fire-pluces,  on  the  same  pUa 
OS  Mr.  Williams's  steam  packets  at  Liverpool,  with  ooIt 
the  addition  of  a  second  row  of  fluted  cast*iroD  ban, 
placed  horizontally  over  the  common  ones,  merely  allow* 
ing  room  to  charge  with  coke  or  coal  between,  for  the  tir 
Jet  to  play  upon.  The  tar  is  pumped  into  an  air-ti^kt 
wrought-iron  tank,  with  a  sinull  tube  from  the  boltoB; 
the  pressure  of  the  air,  with  a  stop-cock  and  crank  wurk«d 
by  the  engine,  may  be  regulated  to  keop  u  uniform  fltae 
diffused  all  over  the  inside  of  the  flues.  ThisarrmngeoMtl 
prevents  the  possibility  of  fire  being  communicated  loai; 
part  of  the  ship.  One  striking  improvement  in  the  above 
plan  is,  that  all  the  atmospheric  air  must  pass  Ibrougbtk 
coal,  as  the  stove  doors  are  only  opened  once  in  ei|[bl 
hours,  to  charge  with  coke,  coal,  or  wood;  the  jet<  pU) 
through  small  apertures,  and  the  flues  are  not  cbillediM 
by  (he  present  mode  of  constantly  opening  the  doom  to 
charge  and  rake  the  fire.  The  labour  is  so  dimint»M» 
that  one  man  is  quite  equal  to  the  management  of  ikt 
Jiirgest  engine  boiler  now  in  use.'* 

The  writer  also  stales,  that  Mr.  Bellingham  had  "dii- 
covered  that  the  generation  of  steam  is  much  accoleratrtl 
by  putting  in  bundles  of  straw  or  slicks  into  the  boilM. 
but  he  found  that  a  surface  of  boards  strongly  put  lofc- 
ther,  so  as  to  cover  the  entire  water,  and  float  on  i(  b)B 
huspension  rod,  on  the  surface,  answers  better,  and  pr^ 
vents  the  wince  and  splashing  of  the  water,  so  iojurion* 
in  condensing  steam.  He  also  recommends  caaiog  ikt 
boiler  with  thin  boards,  and  at  least  (ive  inchcKdrcpof 
charcoal,  to  husband  the  heat,  and  prevent  the  injunota 
ooDfwquencc  (from  radiation)  to  goods  in  the  hoUl  ^ 
steam  vessels.  This  improvement,**  the  writer  sayis  *^w>U 
riiable  a  vessel  to  go  to  any  part  of  the  worldj  u  the  coal- 
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lirwill  not  occupy  half  the  room  of  coals,  and  does  not 
cost  half  Ihe  price.  Iron  tanks  of  an)  shape  to  suit  thc 
dilTerent  parts  of  a  ship,  can  be  made  to  hold  it;  and 
when  consumed,  the  tank  can  he  filled  with  water,  which 
fiill  in  no  way  alter  the  trim  of  the  vessel." 

The  foregoing  experiments  seem  to  be  well  deserving 
of  attention;  they  were,  we  believe,  made  prior  to  the 
year  ]8'24,  which  it  is  proper  to  notice,  as  some  part  of  the 
so^geetions  here  given,  have  subsequently  formed  the 
f^roundwork  of  new  patents. 

Patent  Steam  and  Gas-generating  Apparatus^  by  Sainuel 
Hally  of  Basfordy  near  Nottingham,  1824. 
This  18  an  attempt  to  diminish  the  tjuantity  of  fuel  used 
in  the  generation  of  vapour  for  steam  engines,  by  decom- 
posing the  steam  in  a  greater  or  less  degree  in  its  pas- 
sage from  the  boiler  to  the  cylinder  of  an  engine,  under  a 
pressure  superior  to  that  of  the  atmosphere.     *'  The  gases 

'  or  elastic  fluids  thus  generated,**  (the  specification  stales,) 
^* occupy  a  greater  space  at  any  given  pressure  and  tempe- 
rature, than  the  steam  does;  and  being,  for  the  most  part, 

I  permanently  elastic  fluids,  they  possess  the  further  advan- 
tage of  being  capable  of  use  at  a  temperature  not  higher 

I     than  the  atmosphere,  if  required."     Founded  upon  these 

I  principles,  the  patentee  observes,  that  a  variety  of  appa- 
ratus may  be  constructed  to  obtain  a  mechanical  power, 

i  but  the  following  arrangement  is  recommended  as  calcu- 
lated to  answer  the  intended  purpose. 

Fig.  I  represents  a  plan,  and  fig.  2  an  elevation  of  the 
apparatus,  part  of  which  is  in  section.  The  letters  of  re- 
ference indicate  the  same  parts  in  each.  A  A  are  twc 
furnaces,  with  a  cylindrical  boiler  surrounding  each;  B 
is  a  cistern  to  supply  water  to  the  boiler,  and  C  a  reser- 
voir for  the  reception  of  the  steam  and  gases  generated. 
The  intention  of  having  two  boilers  is,  that  while  the  fur- 
nace of  one  is  being  replenished  with  fuel,  the  other  may 
be  employed  in  the  production  of  vapour,  so  as  to  keep  up 
the  supply  unremittingly. 

Thf  figure  of  the  furnaces  is  that  of  a  hollow  cylinder; 


they  are  made  very  strong,  and  with  air-tight  joints.  TV 
grating  on  which  the  fuel  rests,  is  of  the  shape  of  a  donbU 
hopper;  it  is  supplied  with  coke,  or  other  fuel,  throii|^ 
nn  aperture  </,  at  the  top  of  the  furnace ;  the  aabca  arr 
rnkcd  out  from  underneath,  by  a  properly  formed  irot 
pBSfling  through  the  aperture  c.  Both  these  apertura  d 
and  e,  are  furnished  with  large  stop-cocki,  of  8uffici<«i 
capacity  for  the  reception  of  the  coke,  and  for  the  d» 
harge  of  the  ashes  and  clinkers,  as  often  as  may  be  neecf* 
Mry.     The  furnace  cylinder  is  by  these  means  kept  air* 
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iighi  when  the  cocks  are  shut,  o  o  is  a  hollow  cylindrical 
feasel  encompassing  (he  furnace,  of  sufficient  strength  to 
bear  a  great  pressure  of  steam ;  y*  is  a  pipe,  to  which  is 
connected  a  blowing  machine,  for  augmenting  the  heat  in 
either  of  the  furnaces;  the  pipe  /  is,  therefore,  furnished 
with  stop-cocks  at  g  y,  that  either  of  the  fires  may  be 
operated  upon,  which  they  are  alternately,  in  the  process 
of  working  the  apparatus. 

When  the  water  in  the  boiler  is  in  a  state  of  ebullition, 
the  steam  therefrom  passes  down  the  pipe  A,  (the  stop- 
cock in  it  being  opened  for  that  purpose,)  and  enters  the 
furnace  through  the  hopper-formed  grate ;  there  ascend- 
ing through  the  fuel  under  intense  ignition,  it  is  for  the 
most  part  decomposed ;  certain  elastic  gases  are  thereby 
generated,  which,  together  with  the  undecomposed  por- 
tion of  the  steam,  proceed  along  the  curved  tube  t,  into 
the  strong  receiver  or  reservoir  C.  In  this  vessel  it  is 
kept  under  the  required  pressure  for  working  the  engine, 
to  which  it  is  conducted  by  the  pipe  k. 

From  the  upper  and  lower  parts  of  the  water  cistern  B, 
proceed  two  horizontal  pipes  /  /,  which  enter  the  upper 
and  lower  parts  of  the  boilers,  preserving  the  water  in 
both  at  the  same  level,  the  height  of  which  is  regulated 
by  a  float;  and  a  force  pump  A,  is  employed  for  injecting 
the  water  into  the  cistern,  to  supply  the  loss  by  evapo- 
ration. 

In  order  to  regulate  the  pressure  of  the  elastic  vapours 
in  the  several  vessels  described,  a  communication  is  opened 
between  the  reservoir  C  and  the  cistern  b,  by  means  of  a 
short  bent  tube  r,  which  is  furnished  with  a  stop-cock,  to 
cut  off  that  communication  whenever  required. 

In  setting  this  apparatus  to  work,  it  is  directed  that  the 
cistern  and  boiler  be  filled  up  to  the  pipe  /,  as  shewn  in 
the  engraving  ;  the  apertures  in  the  upper  and  lower  parts 
of  the  furnaces  opened,  when  ignited  coke  is  to  be  thrown 
into  the  upper  ones  d  d;  the  bellows  are  now  to  be 
worked,  and  fuel  supplied  at  intervals,  until  the  required 
heat  is  obtained.  When  the  steam  has  acquired  the  pro- 
per height,  indicated  by  the  guage,  the  apertures  at  the 


ceriain  iime,  me  nre 

fiirdicr  quantity;  (he  coi 
is  therefore  closed,  and 
lional  fuel  and  excited  by] 
forward  in  one  of  the  fi 
uninterruptedly  in  the  gi 
vapour;  and  thus  (he  coi 
under  n  nearly  unilorui 
engine  unremittingly  presc 
If  the  patentee  has  subuJ 
he  has  probably  discoverei 
city  of  the  steam  is  obtaii 
furnace.     The  apparatus 
in   its  structure,  as  no  tuea 
the  fire  with  a  supporter  ol 
and  e  arc  Bhnt.     It  is,  boai^ 
ther  the  ignition  of  the 
the  alternate  use  of  twi 
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Patent  Steam-generating  / 
of  Cecil  StrHli 
*'My  invention  of  cer(ft| 
steam  consmts  in  a  new  cd^ 
mdaptation  and  upplicatiod 
stances  to  produce  or  ellect' 
both  novel  and  useful,  and 


6trenG;th ;  which  tubes  or  vessels  are  closed  at  both  ends, 
on  one  end  of  each  of  which  a  head  is  fixed,  that  can  be 
taken  off*  at  pleasure.  Inside  of  each  of  these  vessels  or 
tube<),  I  insert,  op  suspend  in  (he  centre,  another  vessel  or 
tube  of  still  smaller  size,  of  similar  materials,  leaving;  a 
umall  space  on  all  sides,  (varying  according  to  the  station 
ihey  occupy  in  the  furnace,  near  the  fire  or  more  remote), 
vrhich  is  thovi^ht  sutlicient   for  the  generators  attached  to 
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an  engine  uf  the  largest  size,  bettvten  the  »uttr  and  immer 
tubes  or  vessels.  The  inner  tubes  or  vcs*<»1«  are  rendered 
■team-tight,  and  closed  at  both  ends,  except  such  nttMiWff 
as  arc  placed  within  the  reservoirs  or  'steamouictrr»,*«  I 
trrm  theiu,  and  which  are  intended  to  contain  a  bodr  ef 
steam  fur  the  supply  of  the  engine  ;  or  the  minor  tobcs  or 
\jte\s  may  be  omitted  entirely  in  this  conibinatioa  ia  tht 
steanio meters,  or  vessels  intended  to  contain  the  stram.  I 
place  these  tubes  or  vessels  thus  arranged,  which  1  tcna 
duplex  steam  generators,  in  a  common  heated  furoacei  la 
the  same  manner  as  gas  retorts,  or  in  the  most  adtanU- 
geous  manner  for  heating.  The  tubes  or  vessels  at  the 
top,  or  next  communicating  with  the  engine,  arc  the  mMt 
suitable  to  be  reserved  for  the  reservoirs  ur  sfeamoaieleai, 
and  which  1  should  generally  make  to  contain  abtHii  Its 
times  the  solid  contents  of  the  working  cylinder  of  lh« 
engine.  The  outer  or  exterior  vei^els  or  tubes  are  con- 
nected by  pipes  leading  from  one  to  the  other,  which  coo* 
netting  pipe  ought  to  lead  from  the  upper  part  of  ooe 
tube  to  the  upper  part  of  another,  through  which  the 
steam  and  water  rushes,  from  the  time  it  is  injected  by  the 
forcing  pump,  which  I  use  to  supply  them  with  water,  till 
it  passes  into  the  steamometer,  and  from  thence  throagh 
the  eduction  pipe,  which  I  insert  into  the  iowtr  partm 
bottom  of  the  steamomcler  (whereas,  in  boilers,  the  steam 
is  carried  out  at  the  lop,)  into  the  ena:ine.  Into  eae%M|H 
the  interior  tubes  or  vesttels  (closed  nl  both  ends)  aiay^^^ 
inserted  small  pi|>en,  pacing  from  the  inner  tobea 
aeb  through  the  outer  onest  into  the  open  air,  to 
any  water  or  stcnm  that  mij^ht  ho  forced  into  the  inner 
tubes  or  vessels,  by  the  pressure  of  the  steam,  to  escape 
To  keep  the  interior  tnhes  or  vessels  in  their  plaeeS)  aad 
at  equal  distances  from  the  outer  ones,  I  put  around  thett 
spiral  bands,  extending  the  whole  length  of  the  inner 
tubes  or  vessels,  or  rings  at  intervals,  of  from  one  to  tws 
ft'et  apart,  or  pins  of  the  same  thickness  as  the  space  in- 
tended to  be  preserved  as  a  water  line;  these  rings  arft 
grooved  all  round,  or  have  holes  drilled  in  them,  to  pef^ 
mit  the  free  passage  of  the  steam  and  water;  k»d  ii  the 


U^CURDY's   BOll.CR. 


»« 


hMtvhnuld  cause  the  outpr  tubes  or  vessels  to  wsrp  or 
vifid,  the  same  distance  uill  always  be  preserved  between 
the  outer  and  inner  tubes  and  vessels,  and  also  prevent 
theiD  from  Cuming  in  contact  in  any  part.  A  number  of 
iAp  'duplex  generators*  may  also  be  connected  with  the 
common  boiler,  for  the  generation  of  steam,  the  water 
beiii^  forced  through  them  by  the  pump,  and  discharging 
iniu  the  steam  chamber  of  the  boiler,  instead  of  tbi 
•"U'amomeler," 

In  the  preceding  engravings,  dg.  1   represents  a   front 
ripw  of  a  furnace  containinj^  ^se  "duplex  generatoi*s/' 
/,  !?,  5,  *1,  5,  and   one  "  steamometer/*  6.     Fig.  2,   Is 
riew  of  the  opposite  end  of  the  same  furnace,  with  thi 
cast-iron  plate  which  encases  it  broken  away,  to  shew  th»^ 
interior   uf  the   furnace,   the   hemispherical  ends  of  the' 
tabes,  the  communication  from  one  to  the  other,  by  means 
of  short  bent   pipes,  and  the  manner  in  which  the  fire  acta, 
upon  them,  when  so  placed;  the  letters  of  reference  desig- 
nating the  same  parts  in  this   figure  as  in  all  the  others. 
Pig.  3,  represents  a  cross  section  of  the  outer  tube  of  ai 
"duplex  generator,"  and  one  of  the  hemispherical  ends 
of  the  inner  tube,  with  the  space  or  ^' water  line*'  between 
the  two,  preserved  at  a  uniform  distance  apart,  by  the  in- 
terposition of  narrow  pieces  of  metal.     Fig.  4,  is  a  front 
end  view  of  a  *^  ateamometer,"  with  the  flanch   removed. 
Fig,  5,   is  a  horizontal  section   of  two  ''duplex  genera* 
tors,"  and   one    '^steamonieter'^    between    then);    in  the 
former,  the  interior  tubes  c  c  are  not  shown  in  section,  but 
whole,  that  it  may  be  seen  they  are   perfectly  closed  at 
each  end,  from  which  the  water  is  compelled  lo  ussumo 
the  Hbapc  of  a  hollow  cylinder.     In  the  ^'steamometer**  b, 
the  interior  tube  d  is  lefk  open  at  one  end,  for  tKt*  stean> 
to  enter  and  become  a   reservoir  for  the  supply  of  the 
engine,     e  is  the  water  pipe  leading  to  the  pump;  /is  the 
pump;  g  the  steam  or  eduction  pipe,  leading  front  the 
"wteamometer"  into  the  engine.     The  mode  of  operation 
ia  ma  follo\i's  :^-eacli  stroke  of  the  pump  introduces  water 
into  the  vessel  a  I,  (by  the  pipe  «,)  which  is  forced  or  dis- 
tributed around  the  spaces  between  the  interior  and  exte- 
17.  Sd 
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rior  tube,  lornietl  llio  ''uHler  line"'  in  uW  ibe  v^^sselx 
The  steuiu  generated  In  (his  rii*sl  vessel,  and  the  watt: 
that  remains,  h  next  forced  tlirougli  the  connecting-  pi|i« 
tiilu  the  second  vessela2;  from  thence  successively  through 
a  3,  a  4,  and  a  5,  then  into  the  ''steamometer**  by  by  the 
end  always  open  ;  and  from  thence  by  the  eduction  pipt*  j^ 
into  the  engine.  The  water  injected  into  the  pump  at  c, 
has  thus,  in  its  passage  from  the  pump  to  the  engine, 
passed  in  a  lliin  sheet  over  a  Healed  surface  of  many  thou- 
sand inches,  and,  consequently,  the  steam  may  be  gene- 
rated of  a  very  high  pressure  with  extraordinary  rapidity. 
'Vho  forpfifoing  arrangement,  from  disposing  of  the  water 
in  *'thin  sheets,"  may  seem  at  first  to  promise  great  ad- 
vantages, hut  an  inspection  of  fig.  ?,  will,  wo  think,  con- 
vince tlie  reader,  that  the  greater  portion  of  the  heal 
passes  up  the  chimney,  instead  of  into  the  water.  The 
complexity  of  the  construction,  the  liability  of  deposit;^ 
incrustations  in  the  narrow  spaces  between  the  cylinders^ 
and  the  diFBculty  of  cleaning  them  out,  are  likcwi^  oh* 
jections  winch,  we  think,  will  prevent  this  apparatus  from 
being  successfully  used  in  the  generation  of  steam. 

Patent  Steam  generating   Apparatus^  by  Joseph  Evt^  <^ 

London.     l82o. 

The  intention  of  the  inventor  of  this  apparatus,  amd  the 
advantages  claimed  by  hini  as  resulting  from  its  arrange* 
ments,  are  the  preserving  of  a  constant  circulation  or  cur- 
rent of  water  throughout  the  tubes,  preventing  thereby, 
.ti  a  great  measure,  their  oxidation  or  burning  nut;  by 
the  great  strength  of  small  tubes  to  resist  lateral  prcs-iure, 
aHording  security  against  bursting;  and  by  the  uniform 
circulation  of  the  water,  rendering  but  a  compumtively 
small  furnace  necessary,  and  the  whole  apparatus  ex- 
tremely compact.  The  reader  will  perceive  a  great 
analogy  between  this  invention  and  that  subsequenlly 
patented  b>  Mr.  Gurney,  a  description  of  which  is  here- 
afl*»r  given.     (See  Index.) 

Figures  1,  2,  3,  and  4,  exhibit  so  many  different  vieus 
of  the  apparatus,  including  an  application  of  two  rcvoU 
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viii^  cocks,  to  supply  the  waste  of  water,  in  lieu  of  a 
forcing'  pump.  Fie^.  1,  is  a  side  elevation;  fig.  2,  a  verti- 
cal section;  fig- 3,  a  front  end  view;  fig.  4,  a  back  end 
view;  the  same  letters  of  reference  apply  to  all  the 
figures,  a  represents  the  lower  conduit  pipe;  b  the  steam 
receiver;  c c  are  two  pipes,  in  which  the  water  descends 
from  the  steam  receiver  to  the  lower  or  conduit  pipe;  dis 
the  dome  connected  with  the  stsam  receiver,  from  which 
dome  the  steam  enters  into  the  steam  pipe  /,  and  into  the 
pipe  e,  which  latter  leads  to  the  safety  apparatus,  g  g  g^ 
are  ten  pipes,  which  communicate  with  the  lower  conduit 
pipe  and  the  upper  pipe,  or  steam  receiver.  Fig.  2  re- 
presents one  of  these  ten  sections  in  front,  the  manner  in 
which  they  are  formed,  and  connected  with  the  two  hori- 
zontal pipes,  which  latt?r  are  shown  in  section  in  this 
figure;  k  and  t  are  two  valves,  the  former  kept  open  by 
its  own  weight,  and  the  latter  floating.  With  these  two 
valves  every  section  of  pipes  is  provided  at  its  two  orifices, 
where  they  coromuaicate  with  the  lower  conduit  and 
steam-receiving  pipe;  J5  p  is  the  fire-grate,  over  the  middle 
of  which  the  smaller  combination  of  pipes  is  placed;  oo 
is  an  ash-pit ;  g  is  an  end  piece,  which,  being  screwed  into 
the  lower  conduit  pipe,  admits  of  the  latter  being  cleaned 
out  whenever  required.  The  number  of  sections  and 
pipes  composing  each  section,  and  the  manner  in  which 
the  pipes  are  bent,  are  arbitrary. 

The  apparatus  is  filled  with  water  through  the  orifice  o, 
shown  in  fig.  1.  The  heat  of  the  furnace  causes  the  water 
to  circulate  through  the  tubes,  thereby  preventing  the 
steam  from  driving  the  water  out  of  them,  and  the  rapid 
oxidation  of  the  metal.  The  tubes  are  from  one  to  two 
inches  in  diameter,  and  from  an  eighth  to  a  quarter  of  an 
inch  thick  ;  tubes  of  these  dimensions  are  anfliciently  strong 
to  bear  the  force  of  6teani  of  the  highest  pressure.  The 
horizontal  pipes  are  1}  inch  thick,  and  9\  inches  diameter; 
the  vertical  pipes,  three  quarters  of  an  inch  thick,  and  4^ 
inches  diameter. 

The  valves  h  and  i,  attached  to  the  orifices  of  each  of" 
the  section  pipes,  where  they  enter  into  the  horizontal 
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tubes,  are  placed  ihere  in  case  of  n   rupture  in  one  of  the 

sections  to  which   they  belong;   in  which  case,  the  unba- 

Uncecl  pressure  of  steam  would  force  the  water  so  rapidly 

*nto  the  particular  section  that  was  ruptured,  as  to  cause 

the  valves  to  close,  thereby  preventing  any  waste  of  steam, 

*"<*   detaching  the  ruptured  section  from  the  rest  of  the 

genc'i'ator.     By  this  arrangement,  the  engine  need  not  he 

topped,  but  would  only  lose  so  much  of  its  power  as  the 

P''^portion  of  one  section  to  the  remaining  sound  ones 

***uld  be.     The  two  large  vertical,  as  well  as  the  two 

''^e  horizontal  tubesi,  are  imbedded  in  brick-work,  and 

^^    sections  only  are  exposed  to  the  heat  of  the  fire; 

•'•erefore  no  steam  will  be  formed  or  generated  in  the 

^^tiier,  while  the  action  of  the  (ire  will  cause  the  steam 

.  ^c|    water    to   ascend   rapidly    through   the   small    pipes 

.'^^o    the  steam  receiver,   while   the    water   therein,    be- 

^  heavier  than  the  water  combined  with  steam  in  the 

.  ^^«il]er   pipes,   will   descend  through  the   vertical    tubes 

^t^o  the  lower  conduit  tube,  thereby  causing  a  continual 

*»"culation  through  all  the  tubes;  the  steam  will  of  course 

^cumulate  at  the  top,  and  through  the  dome  find  its  way 

^  the  steam  pipe  and  safety  apparatus.     In  case  the  cir- 

^VjJation  should   be   too  rapid,  and  to  prevent  the  water 

^^ing  forced  into  the  steam  pipe  before  it  descends  again 

^drou^h  the  vertical  pipes,  a  piece  of  sheet-iron  is  placed, 

(Perforated  with  small   holes  sintilar  to  a  strainer,  in  the 

^^liddle  of  the  steam  receiver,  from  end  lo  end.   The  siuult 

^ipes   in   the  sections  have  the  peculiar  serpentine  Jbrm 

^iven  to  them,  in  order  to  enable  the  steatn  to  rise  to  the 

%op  more  rapidly  than  the  water. 

These  boilers  are  supplied  with  water  by  means  of  re- 
volving cocks,  as  before  mentioned,  in  lieu  of  the  forcin>; 
pump,  as  shewn  in  fig.  4,  where  two  cocks  are  represented; 
n  is  a  vessel  filled  with  water,  of  any  convenient  shape; 
one  wide  of  which  vessel  is  near  the  furnace,  so  as  to  keep 
the  water  warm ;  this  vessel  is  connected  with  the  gene- 
rator through  a  tube  entering  at  o,  which  is  shown  in 
section  in  the  drawing;  this  tube  has  two  revolving  cocks, 
it  and  if  with  a  chamber  between  them.     The  cocks  are 


» 


made  lo  revolve  equally  by  cog-whecU  gearing  into  esck 
other;  so  thai  if  cock  k  be  open  towarilH  the  water  imm 
voir,  cock  i  wiJl  be  cloned  towardii  the  tube  leading  to  tW 
generator* 

The  chamber  between  the  cocks  Hill  therefore  be  fiUod 
with  water  through  cock  k^  by  that  lime  cock  k  cIo>msia4 
i  opens  towards  the  generator;  the  water  in  ibc  chwBbcr 
will  then  dciicend  through  o  into  the  generator*  by  ili 
own  {gravity,  and  its  place  be  occupied  in  the  cbamt>er  by 
steam  from  the  generator;  cock  k  opens  again  towards 
the  chamber,  and  i  in  closed  towards  the  generator.  The 
steam  in  the  chamber  %vill  be  condensed  by  the  water  now 
entering,  or  escape  into  the  water  reservoir  m;  this  revo- 
lution goes  on  continually.  If  water  be  preM-uted  hf 
cock  I  to  the  generator,  and  the  said  generator  should  be 
sufficiently  full,  in  »uch  a  case  the  water  will  not  be  re* 
ceived,  but  remains  in  the  chamber  until  part  or  tbe 
whole  is  wanted,  the  cocks  constantly  revolving.  By  thts^ 
arrangement,  the  water  can  be  kept  constantly  at  tW 
desired  height. 

In  this  apparatus,  Mr.  Eve  has  introduced  aone  rery 
novel  and  interesting  combinations,  among  which,  ihw 
following  Heem  to  be  deserving  of  notice.  First,  kis  me* 
ihod  of  keeping  the  water  circulating  throngbouC  tW 
pipes,  requiring,  in  consequence,  but  a  comparatively 
small  furnace,  and,  by  the  compactness  of  the  whole  ap* 
paratus,  rendering  it  suitable  to  locomotive  parpoaet; 
secondly,  in  the  invention  of  the  revolving  cocks,  by  whicb 
the  boiler  is  fed  without  loss  of  gteum  or  power;  for  it 
will  be  obiierved,  that  the  heat  of  the^steam  in  the  diaai- 
ber  between  the  cocks  is  not  lost,  which,  alihougli  con- 
densed, enters  into  the  water  chamber  n;  thirdly,  the  uelbotf 
of  cutting  off  the  damaged  portion  of  the  tubes,  in  case  of 
rupture  in  any  of  ihe  secttuns.  The  mode  of  oommunicii' 
ting  I  lie  heat  latcralt)  in  not  good,  but,  under  some 
licatiunsi  it  might  be  made  a  very  efficient  apparatus. 


{^Patent  Steam  Engitie  Boiler,  by  W.  H.  James,  ofThavies 
Inn,  Holborn.     1H23.) 

Wo  shall  just  promise  the  description  of  this  invention 
by  observing,  that  it  is  constructed  chiefly  with  the  view 
of  applying  it  to  locomotive  purposes;  our  further  re- 
marks are  reserved  for  the  conclusion  of  the  annexed 
account  of  it. 

A  series  of  annular  tubes,  of  equal  capacity  and  dia« 
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meter,  are  placed  side  by  aide,  and  bnli^d  together,  90 
to  form  by  their  union  a  lon^  C)liiidrica3  boiler:  in  lb* 
crnlrc  of  which  the  fire-place  is  situated.  Tbe  tube*  are 
individually  (in  their  transverse  section)  of  a  aquar* 
figure;  they  are  made  of  the  best  wrougbt-iron,  of  sscb 
considerable  substance  and  tenacity,  as  to  flustain  m  proi^imf 
of  4000 lbs.  pressure  upon  the  superBcial  inch;  tbe  two 
flat  sides  of  each  ring  arc  turned  to  smooth  level  itMrfnci'^, 
ao  thnt  the  junctures  may  be  io  all  partis  perfectly  cln«r 
and  uniform.  The  flat  hides  of  tbe  chambers  are  coa* 
nertrd  together  by  means  of  long  bolts  pasaing^  (hrnu:»h 
(he  end  plateti  of  the  cylinder,  where  they  are  screwed  up 
firmly  by  nuts  on  the  outside.  A  cylinder  of  ditctinct  aa* 
nular  tubes  being  thiiH  formed,  n  rommunir'i  i  '  i'  ^rn  one 
to  the  other  is  opened,  by  muking  two  ^i  i  ■  utan  ia 
them  lengthways  of  the  cylinder;  on  the  uppar  side  foi~^ 
the  free  passage  of  the  steam,  and  one  on  the  lower  for  tbe 
free  pa!«nge  of  the  water. 

When  it  is  desired  to  conKtruct  a  boiler  of  still  greatrr 
power,  the  patentee  pflect^^  it  by  placing  two  or  morf 
series  of  such  tubes  concentrically,  one  tvithin  tbe  other; 
the  steam  and  water  passages  communicating,  so  as  to 
form  a  single  \es^el  of  capacity. 

The  preceding  figure  I,  represents  a  longitudinal  vei* 
tical  section  of  the  apparatus,  with  a  double  series  of  siw 
nular  tuben;  and  fig.  3  (annexed),  a  transverse  %'erlleal 
section  of  the  same;  the  letters  of  reference  in  each  figoi; 
that  are  alike  designating  the  Hame  parts.  Thus  a  as 
are  the  square  annular  tubes,  a  section  of  the  whole  bein^ 
shown  in  fig.  I  ;  while  in  fig.  2,  the  entire  circle;*  of  anl)f 
two  of  the  tubes  (one  of  each  series)  are  brought  into 
view.  The  upper  perforation::),  or  steam  passageit,  arr 
shown  at /»  6,  and  the  lower  perforations,  or  water  pa^ 
sages,  at  r  r.  The  water  is  maintained  at  a  certain  lerri 
(about  that  exhibited  in  6g.  S),  by  the  action  of  a  float  ta 
the  regulator  </,  which  is  of  a  peculiar  construction. 

Tbe  situation  of  the  furnace  is  obvious  in  the  flgjm. 
the  bunt  or  grating  of  which  form  two  inclined  plaaea  <m 
M^n  b)  fig.  2).     TIk*  Hamef  and  heated  air  take  the  dirK- 


tion  fhown  by  the  arrows,  previously  to  their  being  diflTused 
io  every  part,  and  the  vnpour  finally  escapes  downwards, 
by  the  chimney  or  flue  e.  This  flue  Is  made  to  slide  in 
and  out  of  its  place;  the  whole  furnace  is  likewise  con- 
itructed  bo  that  it  may  be  easily  drawn  out  of  the  cylinder. 
The  entire  boiler  turns  upon  an  axis,  and  rests  upon 
rollers  fixed  in  a  circular  frante  or  stand.  Every  tube 
is  furnished  with  a  few  shot,  mixed  with  an£rular  pieces 
of  metal,  so  that  when  it  is  desired  to  cleanse  the  boiler 
from  any  deposition,  it  is  only  necessary  to  draw  out  the 
furnace,  the  chimney  tube,  and  to  unscrew  the  several 
pipes,  when  a  few  turns  with  a  winch  causes  the  shot  to 
roll,  and  the  angular  pieces  to  scour  the  angular  chamberi^ 
clean  ;  the  operation  being  similar  to  that  of  the  scouring 
barrel  employed  at  Birmingham  for  brightening  iron- 
work. 

To  prevent  the  loss  of  caloric  by  any  considerable  radi- 
ation through  the  sides  of  the  boiler,  the  cylindrical  casing 
to  t(  is  made  double,  of  sheet-iron,  with  the  space  between 
the  internal  and  external  coats  closely  Jilted  up  with  a 
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iiiixlure  uf  cliurcoul  uiid  clay,  or  nthcr  materials  tliat  are 
^low  couductors  uf  heat. 

One  uf  the  greatest  advantages  in  (his  hoiler  coiisUu  in 
its  pcrfecl  safety,  in  consequence  of  its  t>(eam  reservoir 
being  situated  within  the  generating  tubes,  which  are  of 
immense  strength,  having,  as  we  understand,  been  proved 
to  be  capable  of  sustainin£^  a  prea-^ure  equul  to  two  tons 
upon  the  inch.  It  will  be  observed  also,  that  by  this 
Rrrangemeiit  uf  tubes,  a  very  extensive  surface  h  exposed 
to  the  action  of  the  fire;  and  the  flue  being  downward, 
causes  a  reverberation  of  ihc  boat  over  every  part,  so  that 
very  little  escapes  misapplied.  We  havt-  seen  a  boiler  of 
Mr.  James^ii  at  work,  which  contained  only  a  single  scries 
of  annular  lubes,  insteud  of  the  double  series  wc  bare 
described,  in  wliicti  perfectly  cold  water  was  converted 
into  steam,  and  blew  off  at  the  safety  valve,  under  a  pres- 
sure of  ]50  Iba.  upon  the  inch,  in  the  space  of  fifteen  mi- 
nutes from  the  time  the  fire  was  put  into  the  furnace. 
The  dimensions  of  this  boiler  were  20  inches  diameter, 
and  three  feet  six  inches  long;  and  it  seemed  capable  of 
furnishing  a  uniform  supply  of  steam,  equal  to  at  least  (iro 
liorse's  power. 

Mr.  James  now  makes  these  boilers  of  circular  tubes, 
instead  of  square;  they  form  a  very  etiicient  and  compact 
apparatus,  economising  the  fuel  considerably,  by  expo- 
sing a  very  exLeiiJed  surface  of  metal  lu  a  comparatively 
small  quantity  of  water. 

Patent  Steam  Engine  Boiler,  by  Goldsworthy  Gumey,  Esq. 
ofArgyh  Street,  Oxford  Street,     1826. 

The  apparatus  delineated  in  the  next  page,  is  identical, 
with  that  employed  by  Mr.  Gurney  in  his  steam  carriage;, 
and  Mr.  Gordon  has  applied  one  of  the  same  kind  to  hi^ 
steam  carriage,  for  which  purpose  the  invention  seema 
well  adapted. 

Fig.  1,  shows  a  vertical  section  of  the  boiler.  Fig.  2, 
an  external  end  view  of  the  same.  Fig.  3,  the  manner  in 
which  the  series  of  pipes  composing  the  boiler  are  fixedg 
and  open  into  the  horizontal  chambers.  Fig.  4,  a  porliou 
of  one  of  the  horizontal  chambers  partly  broken   away 


to  exliiblt  (he  apertures  for  the  pipes,  and  their  arrange- 
ment. Similar  letters  in  each  figure  refer  to  the  ^anie 
[>arts. 

Ill  the  section,  fig.  1,  the  semi-elliptical  form  in  which 
the  pipes  are  bent,  and  the  manner  in  which  they  resppc- 
lively  cross  each  other,  i:^seen;  the  ends  of  these  pipes 
have  screw-threads  on  the  outside,  to  receive  nuts,  which 
secure  them  to  the  horizontal  chambers  6,  us  shown  at 
dS'  3-  These  chambers  have  also  direct  communication 
with  one  another,  by  means  of  the  vertical  pipes  c,  {iig^- 
I  and  2);  d  d  are  two  bent  tubes,  leading  from  ft  b  into 
the  **  separators'*  e  e,  which  are  tapered  cylindrical 
wrought-iron  vessels  strengthened  by  hoops.  From  *¥)  to 
50  of  the  pipes  a,  (the  number  depending:  upon  the  size  of 
the  apparatus,)  are  arranged  in  the  manner  shown  (figs.  1 
and  4),  in  which  (he  fuel  is  placed  as  at  h,  the  heated  uir 
an«l  fliimes  tire  directed  bv  a  bridi^e  i,  to  take  the  course 
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delineated,  before  entering   the  chimney /I;  but  a  coi 
derable   portion  uii   the  heat   passes   freely   hclwff*cn 
round  about  the  pipes,  the  ubole  l>eing  expoa«d  to  iHe^ 
powerful  effects  of  a   furnace  go  circumstanced:  o  is  t 
furnace  door,  and  i  is  the  ash-pit. 

During  the  working  of  the  engine,  the  separators  e  a 
by  the  usual  means,  kept  supplied  with  tvaler  up  Co  t 
level  shown,  which  being  higher  than  the  pipes  in  th-^m 
furnace,  the  latter  are  always  kept  full  of  water,  a  poii^i 
of  essential  importance  in  the  opinion  of  ^oiite  ent^ineer^J 
The  steam  generated  by  the  heated  pipes  iu  the  furnac^sa 
is  given  off  in  the  upper  part  of  the  separators,  and  pas^^ 
ing  through  the  pipes  f  f^  enters  a  common  pipe  g^  tb«.  4 
leads  to  the  engine.  Some  of  Mr.  Gurncy's  boiler* 
two  separators,  otherti  only  one,  dependent  upon  the 

The  boiler  in  the  preceding  diagrams,  being  such  a* 
used  for  locomotive  purposes,  is  represented  as  being  atir- 
founded  merely  by  a  single  case  of  iron;  to  pre%cnl  lb« 
radiation  of  heat,  it  is  purposed  that  the  casing  should  be 
double,  with  some  non-conducting  substance  placed  b^ 
tween  the  two.     For  stationary  boilers,  the   iron  casings 
are,  of  course,  dispensed  with,  and  they  are  set  iu  brick- 
work, in  the  usual  manner. 

To  increase  the  intensity  of  the  fire,  the  patentee  pu^ 
poses,  by  some  blowing  apparatus,  to  force  blasts  of  lir 
on  the  top  of  the  fuel,  -n^tead  of  in  the  midst  of  it,  bj 
which  means,  it  is  said,  the  smoke  will  be  consumed. 

To  obviate  a  common  objection  to  tubular  boiler»,  of 
their  becoming  choked  willi  a  deposition  of  earthy  mit- 
tere,  Mr.  Gurney  purposes  to  clean  them  out,  when  tbejr 
become  foul,  by  the  following  chemical  treatment.  If 
the  tubes  are  of  iron,  one  part  of  muriatic  acid,  with  100 
parts  of  water,  are  to  bo  left  in  the  boiler  a  sufficient  tine 
lo  dissolve  the  incrustation;  if  of  copper^  the  foUowiRf 
solution  is  to  be  used  in  a  similar  way,  viz.  one  pound  of 
common  salt,  half  a  pound  of  sulphuric  acid,  in  four  gal- 
lons of  water.  To  expedite  the  operation  of  cleansing,  a 
E>niall  fire  may  be  made  iu  the  boiler,  and  the  steam  br 
employed   lo   blow  the  contents  out   uf  the   lube».      To 
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^M*.vt(i  incrustations,  Mr.  Gurney  purposes  to  use  only  rain 
"  r  distilled  water. 

One  of  the  most  promiuent  advantages  attending  the 

^A«eof  this  boiler,  is  the  great  facility  with  which  repairs 

^^  wv  executed;  when  a  tube  is  injured  or  burned,  the  re- 

'v^oving  of  it,  and  the  substitution  of  a  new  one,  are  not  the 

'^^^ork  of  half  an   hour.     Like  other  tubular  boilers,  it  is 

^^^fe   from  the  effects  of  rupture;    but  the  "separator" 

^^eing  in  fact  a  steam  reservoir,  that  part  is  as  liable  to 

^otplosion  as  other  boilers  of  the  same  capacity  and  thick- 

**^e8s  of  metal.     The  small  tubes  exposed   to  the  fire,  if 

^■Iways  kept  full  of  water,  are  not  likely  to  be  soon  burned 

^iut.     This  boiler  has,  however,  its  disadvantages,  for  it 

^^ill    be  observed,  that   the  steam   is  given  off  ahove  the 

Surface  of  the  water  in   the  separator,  which  being  re- 

Knoved  from  the  fire,  and  exposed  to  the  cooling  influence 

of    the  atmosphere,   must  cause   a  condensation   of  the 

vapour  to  take  place;  this  appears  to  be  a  defect  in  the 

arrangement. 


Patent  Steam^generating  Apparatus^  by  Mr.  J.  Perkins. 
London,  1824. 

At  page  244,  Mr.  Perkins's  former  patent  for  heating 
water  in  very  strong  vessels,  under  a  high  state  of  pressure, 
bas  been  described.  The  present  invention  is  constructed 
with  a  view  to  the  application  of  the  same  principle,  but 
by  a  totally  different  mecnanical  arrangement,  as  will  be 
seen  by  the  annexed  engraving,  which  represents  a  vertical 
section  of  the  apparatus. 

The  boilers,  or  steam  generators,  as  they  are  called, 
are  in  this  case  very  thick  ca^t-iron  bars,  five  inches  square, 
with  circular  holes  perforated  longitudinally  through 
them  of  Ijh  inch  diameter,  a  transverse  section  of  which  is 
exhibited  in  the  figure.  They  arc  arranged  in  three  tiers 
A  B  D,  and  are  of  sufficient  length  to  lie  across  the  fur- 
nuce,  and  to  pass  through  the  opposite  walls,  where  their 
extremities  are  connected  together  (by  means  which  we 
shall  presently  describe,)  so  as  to  form  one  conliniioub 
vessel.     By  (be  operation  of  a  forcing  pun>p,   water  is 


PEiiK  INS  a  noiLEK. 


(FIG.  1.) 


iiira4Wi 


III 

1 

1 

1 
1 

1 

1 

m 

continually  injected  into  the  two  upper  tiers  of  ^oen* 
tors,  so  as  to  keep  them  always  full,  nnd  under  the  pro* 
Burc  of  a  heavily  loaded  valve.  The  lowest  tier  of  fen'- 
tutors  contain  no  water,  but  are  kept  at  a  temperature  of 
about  1000"  Fahrenheit. 

At  each  stroke  of  the  engine,  a  certain  quantity  of 
water,  heated  to  about  TOO*-  or  800"  Fahrenheit,  t*  dis- 
placed from  the  two  upper  tiers,  nnd  discharj^cd  into  iW 
valve  box  f,  comnnmicatin^  with  the  lowest  tier,  wherw" 
the  water  inatantly  flashes  into  steam;  the  steam  tlio» 
formed,  passes  successively  through  every  pipe  in  the 
lowermost  range,  which  is  exposed  to  the  9troog«at  aclioo 
of  the  fire,  before  it  enters,  by  a  short  tube,  the  «Wj 
chamber  L,  for  the  supply  of  the  eni^ine,  lo  which  it  a 
con\e)cd  b)    tht*   pipe   II.     At  G  is  n   loaded   \ulvi%  i« 
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charged  with  stcnm. 

Tiie  niodt'  of  connecting  Ihe  sleain  generators  together, 

i>el'ore  alluded  to,  we  will  here  describe         fFIG  2) 

h^  reference  lo  fig.  2,  in  the  margin  ;  n  a 

ropresent  itie  end  pipers,  by  ^hich  those 
(Hal  lie  across  the  furnace  are  connected 
*«^;Erther,  so  as  to  form  one  continuous 
«^liambcr,  the  apertures  in  them  Hre  formed 
*■!  ihe  casting,  and  the  parts  arc  brought 
closely  together  by  an  ingenious  and 
strong  method,  shown  on  an  enlarged 
^Calp,  in  the  annexed  tig.  3.  b  is  a  perfo- 
•"ated  piece  of  metal,  of  the  figure  of  two 
*^oe9, united  at  their  basest,  and  with  their 
Apexes  inserted  into  (he  pipesc/f/,  the  ends 
tkf  whicli  are  turned  to  receive  them;  cc 
*&re  Hanges  fixed  to  the  pipe?,  and  con- 
tiected  by  regulating  screw-bolts  a  a;  the 
latter  being  turned  by  a  spanner,  will  ob- 
viously press  the  cones  against  the  orifices 
of  the  tubes,  and  strongly  unite  them ;  af- 
fording also  a  ready  and  convenient  means 
of  disuniting  them  whenever  required. 

Although  there  are  many  parts  in  the  foregoing  apparatus 
that  are  ingenious  and  u?teful,  there  are  some  deviations  from 
established  axioms,  that  we  cannot  view  in  the  light  of 
improvements;  for  instance,  Mr.  Perkins  makes  the  out- 
sides  of  his  tubes  square,  which  doe-;  not  increase  their 
strength,  while  it  adds  greatly  to  their  weight  mid  cost. 
The  generating  tubes  are  unquestionably  safe  from  ex- 
plosion;  and  the  mode  of  generating  •iteaai  by  them  is  on 
the  same  principle  as  thai  of  his  former  patent,  namely, 
heating  water  under  great  pressure,  before  allowing  it  to 
expand  into  steam.  Mr.  Perkins  had,  in  his  first  appa- 
ratus, no  steam  chamber,  b('cnu<:e  he  considered  litem  in- 
secure and  unnecessary.  Water  (he  argtied)  being  an 
incompressible  fluid,  if  a  pipe  bursts  it  was  only  a  simple 
harmless  scpara^^i^y^/  the  part^.     In  this  new  apparatu:?, 
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however^  Mr.  Perkins  has  added  what  he  terms  "  a  safety 
chamber,'*  which  being^  in  fact  a  Hteain  chamber,  is  a  mis- 
nomer, and,  according  to  his  own  reasoning^,  a  danger 
chamber.  This  vessel  should  be  of  great  thickness,  (o 
withstand  the  enormous  pressure  to  which  il  is  subjected. 
Mr.  Perkins  has,  unfortunately,  not  yet  demonstrated  the 
advantage  of  steam  at  such  a  ^eat  pressure,  notwith- 
standing the  numerous  ingenious  modifications  he  has 
made  In  the  apparatus  for  effecting  it. 


Patent  Steam  Engine  Boilety  by  Mr.  John  Poole^  of  Shef 
field.     1827. 

This  invention  consists  in  placing  a  series  of  boilers  one 
over  the  other,  in  the  manner  shown  in  the  annexed  en- 
graved figure,  which  represents  a  vertical  section  of  (be 
apparatus.  The  water  thus  distributed  presents  in  the 
aggregate  an  increased  extent  of  surface,  and  conse- 
quently, //  is  presumed  by  the  inventor,  an  increased  capa- 
bility of  generating  steam,  without  requiring  a  correv- 
ponding  augmentation  of  the  heat,  or  expenditure  of  fuel; 
the  series  of  vessels  thus  arranged  being  set  in  a  furnace, 
and  surrounded  with  a  spiral  flue,  according  to  the  roost 
approved  construction. 


patent 
tirawmg^  representing  as  many  modiiicatiuns  of  the  appa«. 
ntus;  all  these  are  given  in  perspective  outline,  together 
«itJi  the   melbod  uf  tilling  and  regulating  the  supply  of 
»ater  by  means  of  floats,  and  also  by  means  of  the  force- 
pump.     As  ibe  patentee  docs  not  claim  these  appendages, 
and  as  tbey  are  well  kno\^n  and  in  general  use,  our  dia* 
^raoi  consiiitb  of  a  single  sectional  view,  nbirh,  while  it 
coflnbines  the  principle  of  the  four  perspective  drawings^ 
«x4iibit8  it  in  «  luorc  palpable  manner. 

41  «  <i  cf  are  four  veddels  connected  together,  b  supply 
ptpr,  c  c  c  tubes  for  conducting  the  water,  successively, 
into  the  vessels  underneath,  uheo  it  rises  above  the  level 
shown.  To  ascertain  the  depth  of  water  in  the  lowermost 
toiler,  a  pipe  and  cock  must  be  fixed  to  it,  or  some  other 
of  the  usual  means  resorted  to;  d  d  d  d  are  the  8teain  pas- 
^ge»  from  each  boiler^  and  made  sufliciently  cupacious  to 
Serve  as  man-holes,  when  the  boilers  have  to  be  cleaned 
Out ;  c  fi  £  e  are  waste  pipes,  for  drawing  ofl*  the  contents 
of  each  vessel. 

In  one  of  the  patentee's  drawings  is  exhibited  a  me* 
thod  of  cleaning  the  boilers  from  sediment  or  incrustation, 
by  tfae  dragging  of  chains  over  their  bottoms.  For  this 
purpose  thcTe  is  a  vertical  shaft,  with  four  horizontal 
ttrms  branching  from  it,  one  in  each  boiler,  forming  (he 
^  radius  of  its  circle,  to  which  the  chains  are  suspended. 
Itotary  motion  being  then  given  to  the  vertical  shaft 
by  suitable  gear,  the  chains  scour  the  bottom  of  each 
Vessel. 

Xhe  latter  application   of  drag-chains  is  common    to 

stills,  especially  those  which  are  employed   by  the  malt 

distillers^  wherein  the  grain  is  distilled  in  substance.  The 

'  patentee,   however,   purposes   to  apply   his   invention    to 

L-Ktills;   but  in  this  respect  it  possesses  no  novelty,  being 

[  ttlmost  identical  with   Saintmarc*s  patent  still  (described 

;   IVo-  7f),   Register  of  Arts).      As  a  steam-engine  boiler, 

-<wliich  is  the  only  light  in  which  it  can  properly  be  viewed 

in  this  treatise,)  the  contrivance  appears  to  he  new;  but 

tiieiu  unfortunately,  it  possesses  no  advantage,  it  being  a 

3  r 
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very  mtslaken  notion  on  the  part  of  the  patentee,  that  tW 
extension  of  the  surface  of  water  increases  the  c«p«<ity 
for  generating  steam. 


iiuott's  bou.er.  403 

^15, 1,  is  a  front  elevation ;   fig.  2,  a  transverse  vertical 
^*^Uoii;  fi^.  3,  a   long:itudinal   vertical  section;  fig.  4,  a 
"'^nzontal  section,  or  plan ;  the  same  letters  in  each  figure 
indicate  similar  parts.     At  a  a  are  two  furnaces  and  ash* 
P*(Sj  the  current  of  air  and  flames  from  which,  first  pro- 
^od  horizontallyi  as  shown  by  the  arrows,  then  descend- 
^^^  at  b  6,  they  unite   and   take  a  contrary  couri^e   in   a 
(Voider  channel  c, immediately  underneath  the  former,  to  the 
front   of  the  boiler:  here  the  current  separates,  a   part 
g'oing  as  it  were  to   (he  right,  and  a  part  to  the  left,  into 

ttfie  narrow  side  flues  d  f/,  at  the  farthest  extremity  of 
««r1)ich  «,  the  currenli?  unite  again,  and  proceed  by  the 
I  V¥»  iddle  channel  /,  to  the  front  of  the  boiler,  where  they 
SL^^cend  into  the  chimney  y ;  h  is  the  steam  room.  The 
sV.cam  pipe,  safety  valves,  man-hole,  &;c.  being  the  same 
^s  in  other  boilers,  it  is  needless  to  describe  them  here. 

This  boiler  Ijeinc^  especially  designed  for  the  use  of 
^^^m-boats,  no  part  of  the  furnace  or  flue  is  allowed  to 
*^*^'ne  in  contact  with  the  wood-work  of  the  vessel,  but  is 
^*''»olly  surrounded  by  water;  the  disposition  of  the  latter 
**^  ihin  layers,  divided  by  long  intervening  flues,  is  inge- 
'^us,  and  well  calculated  to  produce  steam  with  rapidity 
"^J  economy. 

^ient  Improvements  in  Steam  Boilers,  by  Anthony  Scott, 
o/Southwark  Pottery,  Durham,     1828. 

^he  advantage  attending  the  employment  of  good  heat- 

'^nducling substances,  as  the  materials  for  the  construc- 

^^T^n  of  steam  boilers,  is  entirely  counteracted  when  thc>ir 

^ttonis  and  sides  become  incrusted  (as   is  commonly  the 

^se,  in  a  greater  or  less  degree,)  with  earthy  depositions 

^om   tbe  water;   as  such  incrustations  form  a  non-con- 

1^  ticting  shield  between  the  fire  and  the  matter  to  ha 
*^  ^^atcd.  To  prevent  this  injurious  effect,  Mr.  Scott  place*i 
^lab"*  or  trays  of  mi'tal,  stone,  or  wood,  near  to  the  bottom 
^^f  the  boiler,  which,  it  is  said,  so  reduces  the  agitation  of 
^lic  water  during  the  ebullition,  that  nearly  the  whole  of 
%l>e  sediment  descends  by  its  own  gravity,  and  deposit 
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itfleir  in  the  tra>9,  inslpiid  of  on  the  boMoin  of  (be  boilpr. 
The  transmission  of  the   heat   is  not   interc^pl^   t>y  iIm^ 
■rraui^eniont,  while  the  trays  are  removable  at  ptgawro^ 
for  clearint^  iheni  of  the  nediment  d«.- posited  upon  th^tt. 

Another  serious  evil  results  from  the  incruntsiiion^;  ^^^m 
heat  which  the  water  would  take  up  being  interrepled  ^j 
a  non*conffucting^  sal>stance,  it  acts  powerfully  upon  \%he 
substance  of  the  boiler,  and  the  metal  is  tbiNv  ••  i(  h 
termed,  ^M)urnt  nut/*  Mr.  Scotl^s  irayn  will  in  a  gt^mt 
measure,  if  not  wholly-,  prevent  this  effect  taking  pWe. 

(FIG.  I.)  (FIG.  2.) 
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Patent  Steam  lioikr^  by  Paul  Steenstrup^  Esq.  ef  Aasia^- 
Lane^  London.  182^. 

The  construction  of  this  boiler,  it  will  be  perceived.' 
DQch  like  (hat  of  Mr.  Frazer's,  described  at  pn|^e  IWS: 
ib»  arrangements  *Av<^n%  to  render  it  more  adapted  to  9t««* 
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^>^^\n  than  to  oth^r  purposes.  It  cont^itfts  of  an  npper  and 
lower  chamber,  connected  tog^etber  at  tbe  sides,  and  by 
meiQB  of  vertical  tubes. 

Fi^.  I,  itt  an  end  elevation  of  the  boiler;  Bg.  2,  a  Iran^- 
vetse  vertical  section;  and  ti^.  3,  a  longitudinal  vertical 
section:  the  same  letters  of  reference  designating  similar 
partit  ill  each,  a,  is  the  upper  division,  or  steam  chamber; 
^,  tbe  lower  chamber,  connected  Hith  the  upper  by  the 
side  chambers,  and  by  vertical  tubes^  c  c  c,  as  shown  in 
^hesection;*;  d,  representa  the  fire  bar?,  on  which  the  fuel 
>s  faid ;  e,  the  bridge ;  fy  the  ash-pit ;  ^,  the  chimney,  which 
'^  likewise  surrounded  with  water  k)  economise  the  heal; 
^  is  the  steam  pipe;  k  the  man -hole. 

The  patentee  states  that  this  boiler  may  be  adapted  to 
^Ura  any  kind  of  fnol,  i.  e.  coke,  coal,  or  wood,  by  merely 
**^if\ingtbe  bridge  farther  back,  or  advancing  it  to  the  foro 
P^rt  of  the  boiler;  also  that  (he  tubes  c,  which  pasH 
through  between  the  fire  bars,  will  acquire  a  higher  degree 
^f*  temperature  than  those  near  the  chimney,  and  thereby 
^^  use  an  ascending  and  descending  current,  which  ib  fii- 
^Ckurable  to  the  generation  of  steam. 

fJ^it;.  1.) 
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latent    S(eam    Engine    Boiler,   by    Thomas   Tippett,   of 
Gwennap^  Cornwall.     1828. 


The  object  of  the  patentee  in  this  boiler  has  been  similar 
to  that  of  most  of  his  predecessors,  that  of  exposing  as  ex- 
tensive a  snrface  as  possible  of  metal  to  tbe  influence  of  the 
furnace.     Fig.  1,  reprci^ents  a  front  end  view,  and  fig. 2,  is 
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a  side  view ;  the  same  letters  of  reference  in  each  refpi 
to  similar  parts,  a,  is  a  double  cylinder,  of  the  u^ual 
struction  of  the  cylindrical  boiler,  the  internal  c}iin^ 
constituting  the  lire-place  and  Aue.  From  tbe  exleiwl 
cylinder,  which  contains  water,  proceed  three  row*  af 
open  vertical  pipes,  bb  by  which  support  a  seroi-cvliadrical 
vessel,  c.  At  tbe  farthest  extremity  of  the  cylinder  «, 
proceeds  horizontally  a  short  open  pipe,  dy  communicatii^ 
with  a  small  supplementary  boiler,  which  is  a  cylinder  u^ 
the  same  area  as  r/,  but  very  short. 

This  boiler  is  built  in  a  furnace,  in  which  the  flues  ir 
fio  arranged,  that  the  heated  air,  in  passing  out  at  thrnul 
/of  a,  shall  impinge  against  the  vertical  side  of  the  «ap- 
pleroentary  boiler;  the  flue  thence  proceeds  upward^tMl 
along  the  underneath  flat  side  of  the  semi-cjlindnrat 
vessel,  and  between  the  vertical  tubes  to  the  front  of  tbe 
boiler;  here  it  de.^cends  and  passes  under  a,  round  ibr 
back  of  the  supplementary  boiler,  then  rises  a^ain  ovrr 
the  top  of  the  semi-cylindrical  vessel,  and  proceeds  to  >Im> 
chimney,  which  is  in  front,  nearly  over  the  furnace  doon. 


Sieam  Engine  Boiler  and  Furnace^  adapted  to  the  mm  W 
Anthracite  Coal,  by  S.  H,  i^mg^  Colonel  of  EM^menw 
Philaddphia.     1S27. 

The  description  of  this  invention  is  extracted  froa  th^ 
Franklin  Journal,  published  in  Philadelphia,  and  b  tl^ 
subject  of  a  communication  from  the  izivciitur,  whosayf  ^-^ 
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*'The  objects  in  \iew  are  the  construcUon  of  a  boi[*M, 
that  shall  present  the  largi'st  surface  lu  the  action  of  iht* 
heat)  with  the  smallest  quantity  of  water,  and  such  an 
arrangement  of  the  fire-place,  as  will  subject  the  fuel  to 
I  the  slronsrest  draught,  and,  at  the  same  time,  apply  the 
I  Urgeflt  portion  of  heat  to  the  production  of  steam.  The 
I  manner  in  which  1  purpose  to  accompliith  these  objects,  is 
I      a*  follows  ;  — 

^B     "The  accompanying  figure  exhibits  a  vertical  section  of 
*^  the  boiler,     a  a  represents  a  cylinder  of  any  convenient 
dimensions,  formed  of  sheet  iron,  rV  *^f  i  if^ch  in  thickness, 
ri?etted  in  the  usual  manner,  and  constituting  the  exterior 
of  the  boiler.     The  head  of  the  boiler  is  furnished  with 
iman-hole  and  cap,  and  also  with  an  aperture,  through 
which  the  steam  is  to  be  conveyed  to  the  working  cylinder 
ofthe  engine,  c  c;  a   conical    frustriiin,  with  a   concave 
sutaniit,  formed  of  sheet  iron,  of  the  thickness  above-men- 
tioned, constituting  the  interior  of  the  boiler,  and  ut  the 
BBiDe  time  serving  a.s  a  fire-place.     The   diameter  of  it^^ 
ba^e  is  about  two  inches  less  than  that  of  the  cylinder  a, 
*liile  that  of  the  summit  is  about  six  inches  less;  so  that 
the  thickness  of  the  circular  sheet  of  water  contained  in 
(tie  boiler,  is  one  inch  only  at  the  bottom,  and  about  three 
inches  at  the  top  of  the  frustrum,  while  the  depth  above 
ll>e  latter  does  not  exceed  three  inches.     The  frustrum 
and  cylinder  are  liriuly  connected  at  bottom,  by  means  of 
^rin^,  g  g^  of  cast  iron  or  other  metal,  and  rivets  passing 
trough  them   respectively.     The  ring  g  g  must  extend 
'>^loH-  the  cylinder  and  frustrum,  far  enough  to  receive  a 
"8nch  or  step,  for  the  support  of  the  grates  6,  which  are 
to  be  adjusted  ti*  ihe  circular  area  of  the  fire-place.     The 
'**>or  is  10  or  12  inches  in  diameter,  through  which  fuel 
•s  to  be  administered.     It  is  formed  by  means  of  a  sleeve 
*>f sheet  iron,  firmly  rivetted  to  the  cylinder  and  frustrum, 
^flrough  the  sides  of  which  last  is  a  corresponding  perfo- 
'"Hllon  of  the  same  diameter.     The  flue  proceeds  from  the 
'ide  of  the  upper  nul  of  the  frustrum,  and  communicates 
^itb  the  chinmey. 
*'The  flue  may  be  constructed  in  such  a  mantier  as  to  poss 
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or  wind  upon  the  ouuide  of  the  cylinder,  ana  tp|ily  Jb 
heat  exteriorly  \o  the  hoilpr,  and  then  comnmnicatc  vilh 
(ho  chimney.  The  boiler  may  be  sheathed  on  the  oolti^ 
with  pine  staves,  or  any  other  non-conduclor. 

"The  dotted  line  w,  represents  the  surface  of  the  vtler 
in  the  boiler,  the  space  above  serving  an  j/«ajn  nmm.  TW 
lube  through  which  the  water  is  conveyed  into  the  boiki^ 
may  enter  the  latter,  at  any  convenient  point  below  lb 
surface  w. 

^^  h  h  repreaents  a  prolongation  of  the  ring  uftaplcd  \» 
the  use  of  anthracite,  which  cannot  re^idily  be  igiiitedi,ia 
contact  with  a  conductor  at  a  low  temperature.  TW 
depth  of  the  ring  should  be  about  one  foot.  It  miuf  b* 
lined  with  (ire  l.rirk^,  or  lute  of  suitable  thickneaa,  a*  r** 
presented  at  /,/,  resting  upon  the  grate*  »,  or  otbenriv 
supported.  The  fire-place  in  thin  instance  will  beaitolai 
below  the  boiler,  and  included  within  the  ring  A.  TW 
whole  of  the  heat  that  may  be  generated  mast  laami 
throti^h  the  boiler,  and  a  large  portion  o(  it  be  apfM 
to  the  production  of  »team. 

**  'I'he  flanch  or  step  for  the  support  of  the  graletwiilW 
circular,  and  may  be  inserted  within  the  nog  a,  aiid«» 
tained  by  screw  bolts  or  rivets  panaing  through  it  andlW 
ring,  as  represented  in  the  figure. 

^^Any  number  of  boilers,  of  the  description  above  ginti 
may  readily  be  combined  and  made  subservient  to  tliepra* 
duction  of  steam,  sufticient  for  the  supply  of  ibe  mod    J 
powerful  eni;ines. 

"If  ue  assume  three  feet  fur  the  height  of  the  frustmvi 
34  inches  for  its  greatest,  and  30  inches  for  it»  le*9l  ilii* 
meter;  and  three  feet  for  the  diameter,  and  four  fe«i  ^ 
the  height  of  the  cylinder  <i;  the  surface  exposed  to  iW 
action  of  the  heat  will  be  about  28  square  fvct^  neaHf 
equal  to  (hat  of  a  locomotive  engine  6f  iho  ordtaaryc^a* 
struction,  while  the  weight  of  the  water  contained  ifl  iW 
boiler  will  be  les>4  Ihait  one  third  of  that  required  fuc  ik 
common  cylindrical  boiler.*' 

The  hints  herein  afforded  fur  the  burning  of  anlbracif 
may  prove  useful;   the  arrani;rinent  appears  good, nw' * 
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large  surface  of  boiler  is  exposed  to  the  action  of  the  fire; 
it  ponesses,  however,  but  little  novelty,  a^  a  very  similar 
contrivance  for  generating  steam  "was  proposed  in  the  Re- 
^er  of  Arta,  vol.  3,  (first  series),  page  339,  which  was 
the  !iubject  of  a  communication  to  that  work  by  the  author 
of  this  Appendix,  about  sixteen  months  prior  to  Colonel 
Lon^'*8  letter  in  the  Franklin  Journal.  The  plan  was  to 
liave  two  cones  concentrically  placed,  the  inner  cone  to 
(Oflntilute  the  fire-place,  with  a  descending  flue,  and  the 
fpcebeiween  the  inner  and  outer  cone  to  constitute  the 
boilpr. 


St^-acthtg  Feeder,  for  High-prestmre  Boilers,  by  R,  and 
IV,  Franklin,  of  Tottenham  Court  Road,     1825. 

It  is  the  universal  practice  to  supply  the  boilers  of  con- 
densing engines  with  water,  by  means  of  a   float;  but  to 
ilie  appJicaiion  of  a  float,  in  the  usual  way,  to  high-pre^ 
sure  boilers,  there  are  two  objections.     The  first,  is  the 
*ncoBveiMent  height  of  the  Jack-head,  in  order  to  coun- 
1«rbftUiice  the  pressure  of  the  steam,  (a  pressure  of  40 
pounds  OD  the  inch  requiring  the  jack-head  to  be  70  feet 
higher  than  the  boiler);  the  second,  is  the  difficulty  of 
packing  the  float  rod,  so  as  to  prevent  the  esAcape  of  steam, 
«ml  yet  allow  the  rod  to  move, easily,  when  acted  on  by  so 
snmU  B  force  as  the  hydrostatic  weight  on  the  float. 

To  ob\iate  these  difficulties,  Mr.  Franklin  substitutes 
a  heavily  loaded  valVe  instead  of  a  high  jack-head,  and 
alcogether  avoids  the  use  of  a  stuflfing-hox,  by  placing  the 
lever  of  the  float  within  the  boiler,  as  will  be  seen  on  re- 
ference to  the  annexed  6gure^  which  gives  a  sectional 
^iew  of  the  apparatus  as  applied  to  a  boiler. 

a  <K  shows  a  portion  of  the  upper  part  of  a  boiler,  b  the 
VMin  hole,  c  the  level  of  the  water  in  the  boiler,  d  a  lever 
muspetided  by  an  arm  to  the  top  of  the  boiler,  and  having 
the  float  e  at  one  end,  and  the  counterpoise/at  the  other; 
9  i3  a  rod  of  half-inch  round  iron,  connected  with  that 
«nu  of  the  lever  which  carries  the  counterpoise;  it  pus»e« 
IS.  3  a 


ihrmiirli  t^e  guide  or  ring  i,  which  is  rivetted  lo  thefml 
|.ipc  i*,  utid  u  attached  at  bottom  to  a  round  flat  dtvi 

The  feed  pipe  i,  is  long^  enough  to  have  its  orifitf 
iilwa\s  below  the  level  of  the  water  c;  its  upper  end  w 
rlo-iod  by  the  valve  /,  and  to  the  bottom  of  the  vaUe  i* 
Hcrewod  a  long  tail  or  spindle^  which,  when  theralvtH 
shut,  descends  below  the  opening  of  the  feed  pipe,  u^ 
almost  rests  upon  the  plate  or  disc.  As  the  water  lowen 
by  evaporation,  the  float  end  of  the  lever  desceiMb,  aW 
the  opposite  end  rises;  the  consequence  of  Ibn  will  W 
lo  raise  the  end  g^  to  bring  the  plate  h  in  contact  »ilfc 
ihe  end  of  the  spindle  or  the  valve  L,  and  thaa  lo  raJ« 
the  valve  itself,  and  open  the  feed  pipe,  ■«  rrprcMtiOJ 
in  the  figure.  The  box  m,  having  been  pr«vi«B^ 
ill  led  with  water  by  means  of  the  forcing  pampr  •' 
the  end  of  the  -ervice  pipe  n  ft,  (not  ahown),  all  rriai 
of  hot  water  from  the  boiler  is  prevented  by  the  vakv 
o.  Aa  Hoon  as  the  pressure  of  the  foreing-pump  ei* 
ceeds  t)iat  of  the  steam,  the  valve  o  is  lifted,  and  water 
pa*HC4  through  the  pipe  n,  into  the  box  m,  and  tbean 
down  the  feed  pipe  it,  into  the  boiler;  Ihe  valve  /,  \mm% 
prevented  fi-om  c  ming  by  Ihe  support  whirh  it  reieitw* 
from  the  plate  k.     Am  the  lev(*l  of  (he  water  in  the  bncln 


K. 


r»»«--<i,  the  counterpoise  end  of  the  lever  (t  descond-:,  iittd 
A'iiti  it  the  rod  g^  the  plate  hy  and  ihe  valve  /.  In  thi<i 
situation  of  the  luachinerv,  the  water  delivered  \>\  the 
service  pipe  raises  the  valve  m,  passes  the  box  g,  and 
Aows  off  b\  the  waste  pipe  m.  The  valve  p  also  acts  as  a 
»afeiy*vaUe  to  the  boiler,  its  pressure  being  adjusted  by 
ineaiw  of  the  weight  on  the  lever  r.  The  working*  pres- 
sureuf  the  Hieani  in  the  boiler  having  been  determined, 
the  Inad  on  the  valve  p,  must  be  greater  than  this,  but  less 
than  the  power  applied  to  the  forcing  pump. 

This  is  on  ins;enious  method  of  regulating  the  quantity 
water  supplied  by  a  forcing  pump  to  high-pressure 
«ani  boilers,  and  obtained  for  its  inventors  a  reword 
from  the  Society  of  Arts,  in  1825.  The  mode  of  suspend- 
'"ir  the  float  lever  in  the  inteiior  of  the  boiler  is  deserving 
ofiniitation,  in  low  as  well  as  high-pressure  boilers. 


^^^Ihod  of  supplying   Boilers,   by   Mr.   Thomas  Hall,  of 
Glasgow. 

In  the  year  18^,  Mr.  Hall  introduced  a  metbodofsup- 
P*>ingsteatD  boilers  with  water,  by  which  a  considerable 
^vjng  in  fuel  was  effected;  amounting  in  a  00  horse 
^•^gine  (employed  at  the  Glasgow  Water  Company's 
^'orks,  to  which  the  improvement8  were  applied),  to  no 
^^  than  19cwt.  per  day,  or  about  25  per  cent.,  as  was 
**  tested  by  the  secretary  of  the  company. 

InMtead  of  allowing  the  admission  of  a  constant  supply 
^r  water  into  the  boiler,  suited  (o  the  proportion  of  steam 
^t^quired,  Mr.  Hall  admits  a  given  quantity  at  stated 
••inea- 

The  60  horse  engine  in  question  was  worked  about  17 
Hours  daily,  at  a  speed  of  12^  strokes  per  minute ;  diameter 
*^r  the  pump, 22  inches;  stroke, eight  feet;  height  to  which 
the  water  in  raised  by  it  in  the  city,  130  feet.  This  engine 
%va&  provided  with  three  boilers,  each  16  feel  9  incbe? 
long,  5  feel  6  inches  wide,  and  6  feet  1  inch  deep.  Letigth 
of  furnace  bars,  3  fupt  S  inches;  width  of  furnaces,  4  feel 
€  inches;  declivity,  one  foot    in    three.      The   foregoing 
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proportions,  though  admirably  adapted   for  tbe  co 
Diode  of  working,  vrvre   found   unnecessarily   lar^r  opOKj 
Mr.  HalPs  plan;  accordingly,  their  dimcnfliona  wsrao^^H 
tracted  nearly  one  fourth,  and  two  boilers  kIodp  vOT^ 
foimd  fully  adequate  to  supply  the  engine  with  flteam;  Ibc 
common  height  of  the  water  in  the  borlcr,  three  feet  um 
inches. 

When  engines  are  stopped  at  night,  there  is  alwt)«s 
quantity  of  fael  left  unconaumed,  to  which  more  fuel  i0 
generally  added,  in  order  to  have  the  firrnaeefi  in  a  proper 
state  for  starting  in  the  morning.  The  fire  being  tht* 
kept  up,  it  is  obvions,  must  cause  a  considerable  redactiotf 
of  the  water  in  the  boiler,  so  that  the  engines  are  ifiiff 
set  going,  a  great  deal  of  water  must  he  let  in  tc^tupply 
the  loss  sustained  by  eTaporation ;  at  which  timeabo^^ 
greni  addition  of  fuel,  and  much  ran*  and  attention,  tre 
requisite.  To  obviate  these  disadvantages,  Mr.  Will 
adopted  the  plan  of  running  in  a  given  quantity  of  wMir 
into  the  boiler,  above  the  ordinary  height  at  night,  whicK 
he  found  might  be  done  quite  safely,  in  boilers  of  ikt 
above  size,  to  the  extent  of  18  inches.  To  preveol  tW 
danger  of  overfilling,  or  the  inconvenience  of  not  intro* 
ducing  a  sufficient  quantity,  Mr.  Hall  placed  another 
float  in  the  boiler,  above  that  in  general  use,  which  cov* 
pletely  answered  the  purpose.  This  second  float  he  fit^i 
at  the  distance  of  18  inches  from  the  Grst,  and  coantfr> 
poi<^ed  it  by  a  weight  under  the  common  one. 

k  /,  figs.  1  and  2,  represent  the  two  floats  in  the  boiler 
m,  with  their  respective  counterpoises  n  o.  By  renfeovisf 
the  weight  n,  the  floats  descend,  and  consequently  ofica 
the  feeding  valve  p,  fig.  S;  water  being  then  admitted  h% 
tnrning  the  stop-cock,  the  feeding  of  the  boiler  goecM. 
till  the  water  having  reached  the  upper  float,  it  gradvall^ 
««!cends  and  shuts  the  feeding  valve,  thereby  prerenliw 
the  admission  of  water  beyond  the  height  already  %iuit^ 
and  requiring  also  the  instant  shotting  of  the  stop^cneli 
neglecting  which  would  occasion  waste  of  water,  by  orvr 
■lowing  the  damper-pipes. 

Mr.  Iloll  states  that  he  was  next  led  to  the  invetttioat' 


(FIG.&)  <FIG.  1.) 
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(FIG.  2.) 


^be  small  cistern  9,  fi*;.  ] ;  this  be  placed  on  a  lerel  with 

\he  top  of  the  feeding  pipe,  with  which  it  coannunicateB 

\>y  the  conduit  pipe  i  t.     On  the  top  of  this  ciBlern  is  a 

Valve  C|  rendered  self-acting  by  means  •f  a  float  ky  sin- 

liended  from  the  lever  0,  and  comiterpoised  by  the  weight 

<f.     The  action  of  this  apparatus  h  as  follows: — when  the 

engine  is  stopped  for  the  night,  all  that  is  necessary  is  Ibe 

removal  of  the  counter  weight  r,  fig.  2,  on  which  the 

feeding  valve  p  instantly  openH^  from  the  ckncent  of  the 
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cnmpoiind  ftont  it  /;   the  water  then   floatn  alonj^  the 
(luit  pipe  I  »',  from  the  cistern  g^  causes  the  fnllin^  of  ike 
float  h^  the  consequent   opening  of  the  valve  r,  and  I 
admi^tsion  nf  the  water  from  the  main  cistern  a,  by 
pipe  6.     A  constant  supply  is  thus   kept  flowinj^  into 
boiler,  until  by  the  ascent  of  the  water  to  the  line  paral  |f| 
with   the  float  i,   fig.   1,   (he  feeding  vaWe  is  shut;  fK« 
water  however  continuing  to  flow  into  the  small  citttrm  ^ 
raises  the  float  A,  which  shuts  off*  the  communication  with 
the  pipe  A,  by  the  valve  c.     The  feeding  of  the  boiler*  ir 
thus  managed   with   great   simplicity  and    certainty,  tht 
waste  of  water  completely  prevented,  and   attendance  o^ 
the  atop-cock   rendered  unnecessary-     By  suspendinjB^  ()u> 
lower  counterweight   in   its  place,  at  the  time  of  setliRj( 
the   engines    to    work,    the    further  ingress    of   water  ii 
stopped,  this  extra    18  inches    being  found   sufficient  ta 
work  the  engine  nearly  six  hours.     The  running  in  oft 
large  quantity  of  water  at  this  lime,  as  well  as  thecsr^ 
and  attention  required  to   he   paid   to  the   firing,  on  lit 
ordinary  mode  of  feeding,  are  also  dispensed   with.    It 
has  been  stated  that  the  quantity  of  water  admitted  iats 
the  boiler  at   night,  beyond    the  common    height,   ri  \% 
inches;  this  addition,  however,  from  the  beat  of  the  Hrt^ 
naces,  soon  attains  a  state  of  ebullition,  and  a  conseqanl 
diminution.     Here  the  utility  of  the  self-acting  valvfuli 
the  cistern  will  be  evident,  as  whatever  waste  takes  placi 
in  the  boiler  is  thereby  completely  provided  for.     By  ikt 
single  process  of  admitting  this  more  than  ord-nar\  hri^t 
of  ^aler  at  night,  from  eight  to  ton  hundred  weighted 
fuel  is  saved.     Where  engines  cannot,  from  the  n«turro( 
the   work,  be  conveniently  stopped  during  the  day,  ifc* 
saving  from  the  filling  at  night  only  can  be  obtained;  for 
the  weight  n  being  an  exact  counterpoise  to  the  upp^r 
float  k^  so  soon  as  (he  water   in  the  boiler  has  dccrravd 
beyond  18  inches,  the  under  float  comes  into  action,  tbf 
same  as  if  the  other  had  not  been  in  use,  and  frrd«  lb' 
boiler  in   the  common  wny.     But  whore  engines  cart  *' 
any  time  be  stopped,  to  allow  the  introduction  of  agiw 
height  of  water  into  the  boiler,  the  great  advantage  ^ 
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Equal  to  about  19  hundred  weight  less  per  day,  and  t^vu 
liondred  weight  less  aahes. 

In  concluding  this  part  of  our  sul»ject,  we  have  the 
pleasure  to  state,  that  a  very  important  improvenient  hai 
been  made  to  steam  boilers,  applicable  lo  all  forms,  iu- 
cludinf^  those  of  the  tubular   kind,  which   uiJI   entirely 


tom^o  will  be  apparent.  The  waste  of  fuel  during  this 
operation  is  rendered  quite  trifling,  the  dampers  being 
confined  somewhat  below  the  working  point,  by  means  of  { 

s*  hook  and  chain.  A  farther  saving  of  nearl)  five  hun- 
dred weight  is  obtained  by  this  second  filling,  and  a  third 
suffices  for  the  day's  work  of  17  hours,  in  the  &)  horse 
engine  before  mentioned,  when  the  same  result  is  pro- 
duced, completing  a  saving  of  nearly  a  ton  of  fuel  per 
day,  or  25  per  cent. 

The  saving  in  fuel  might  be  carried  to  a  still  greater 
^3itent,  if  the  main  cistern,  a,  were  placed  in  a  convenient 
KMuation  to  receive  the  warm  water  from  the  engine,  nnd 
*f  steam-engine  boilers  in  general  were  made  sufficiently 
Jarge  to  allow  the  admission  at  night  of  the  requisite 
Quantity  of  water  for  the  ensuing  day's  work,  particularly 
'•'here  engines  cannot  be  stopped  during  the  day. 

The  diagram  fig.  3,  shows  the  floats,  and  the  manner  of 

^Xing  them  to  any  given  height  by  the  sliding  rod,  at- 

^^ched  to  the  same  lever  as  the  common  float.    The  utility 

^^  this  invention  will   be   evident  in   those  works  where 

^^gin<>s  are  stopped  at  meal  hours,  or  any  other  time;  as, 

I  ,     balever  quantity  of  water  may  be  required   to   be   run 

I     '^^to  the  boiler,  all  the  fireman  has  to  do,  is  simply  to  re- 

^^ove   the  counterweight  m,  and   fix   the   float  k  to  the 

I  ^^i^ht  required. 

The  following  is  a  comparative  statement  of  the  actual 
i^^nsumption  of  fuel,  on  the  old  and  new  modes  of  working 
*tie   60   horse  engine  of  the  Glasgow  Water  Works,  as 
Attested  by  the  secretary  of  the  company. 

Ttaw.  CtiC  Tom*.  CtH 

^One  week's  consumption  upon  the  old  niod«     84    3        Ashe»     1   16 
^itto,  OQ  Mr.  Hall's  new  mode 18  12        Ditto      1     4 


Aid 


CLBAN9INC    APPAHATDt  TO  BOILBllf. 


prevent  the  incruBtation  of  deposits,  and  will  enabW 
boilers  (o  be  cleaned  out  at  any  time,  without  atoppitf 
<he  eogines.  We  are  not  permitted  to  say  more,  •«  tW 
invention  is  not  yet  secured  b)  the  sealing  of  the  patent 

SETTING   OF  ffTKAM    BOILBai. 

In  the  setting  of  steam  boilera,  the  uiual  width  left  for 
the  side  flues  is  nine  inches;  the  object  of  which  has  Urn 
to  allow  sufficient  room  for  the  passage  of  a  sweeping  bo]F 
to  clear  them  of  the  soot.  In  some  instances^  howrvff, 
this  width  has  been  reduced  to  four  or  five  inchesf  lod 
mechanical  means  resorted  to  for  sweeping  them.  A 
double  advantage  results  from  this  improvement,  viz,  i 
considerable  saving  of  fuel  is  effected,  and  the  degradii| 
employment  of  the  chimneysweep  superseded.  The  i!dt» 
will  require  sweeping  more  frequently,  by  their  bring 
contracted  in  their  dimensions,  but  by  the  removal  of  t 
brick,  or  a  plug  or  (wo,  and  the  insertion  of  long-hanAWd 
brushes,  it  is  easily  effected. 
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It  would  be  needless  to  expatiate  on  the  importance 
safety  valves  to  the  steam  engine^  since  the  term  itself^ 
conveys  to  the  mind  not  only  their  importance,  but  ihtir 
necessity.  The  invention  was  first  introduced  by  Dr. 
Papin,  in  1084,  aa  an  appendage  to  his  apparatus  for^*^ 
solving  bones  by  steam  at  a  high  pressure;  but  to  Ssvcfy 
is  due  the  merit  of  first  applying  it  to  the  sicom  engtv- 
It  afkerwards  received  some  improvement  in  its  forn  bj 
Beighton,  since  which  time  (1718)  the  apparatiia  hatl^ 
roained  unaltered  in  its  form;  and  i(s  denomitiatiott, tk 
Steelyard  Mqfety  valvty  (which  it  recei\pd  in  conseqiMflff 
of  iis  resemblance  to  the  ancient  weighing  machine,)  r^ 
mains  the  same. 

Safety  valve^f  are  popularly  considered  as  only  *fpM 
to  give  vent  lo  the  steam,  when  its  force  becomea  ioo^nti 
for  the  strength  of  the  boiler  to  sustain,  without  iIm  rUt 
of  bursting;  but  Ihero  is  nnotber  kind  of  nafely  valve, «f 
precisely  the  reverse  description;  which  provide*  fbr  tb< 
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ttfety  of  the  boiTer,  if  tfcc  pressure  in  it  Bhoiild  become 
liKt  tiltle  to  support  the  pressure  of  (he  atmosphere,  in 
which  ca^e  the  boiler  would  bo  crushed.  The  latter  are 
called,  b>  engineers,  internal  safet)  valves,  in  contradis- 
tinction to  those  of  (he  usual  description,  termed  external 
safety  valves;  the  internal,  however,  being  only  usod  in 
very  large,  and,  consequently,  weak  boilers,  are  seldom 
required;  we  ahall  therefore  briefly  stale,  thdPt  they 
OBualty  consist  of  an  inverted  conical  plug,  kept  in  its 
Beat  by  a  lever,  loaded  with  a  weight,  whtcli  will  be  coun- 
terbalanced by  the  pressure  of  the  atmoc^phere,  when  the 
latter  exceeds,  by  three  or  four  pounds  per  superficial 
inch,  the  pressure  of  (he  steam  in  the  boiler. 

or  the  external  safety  valves,  the  steelyard  form  of 
Papiu  and  Beighton  is  almost  universal;  and  as  it  has 
been  tVequently  introduced  in  the  former  pages  of  this 
#(>rk,  we  shall  not  here  repeat  the  description,  but  merely 
Bake  a  few  remarks  on  the  regulations  which  ought  to  be 
obaerved  in  its  u&e. 

The  valve  should  be  always  kept  inclosed  in  a  box,  with 
I  pipe  leading  to  the  chimney  to  carry  oflT  the  steam  that 
escapes;  the  box  should  be  kept  locked,  and  the  key  in 
(be  proprietor's  pocket  or  charge,  in  order  that  the  loading 
of  the  valve  should  not  be  placed  at  the  discretion  of  an 
'gnontnt  or  injudicious  attendant;  numerous  dreadful 
Occidents  have  occurred  from  the  mismanagement  of  the 
4lfety  valve,  and  it  has  been  averred  that  some  explosions 
WT**  originated  by  persons  maliciously  overloading  the 
safety  valve. 

It  is  not  uncommon  in  low-pressure  boilers  to  place  the 
whole  load  directly  upon  the  valve,  instead  of  increasing 
(be  force  of  the  weight  by  leverage:  and  it  is,  unques- 
tionably,   the    safest    arrangement,    wherever    valves    are 
exposed  to  the  interference  of  improper  persons ;  but  it  is 
belter  in  all  cases  to  inclose  them.     The  toad  per  inch  on 
(he  valve  should  only  just  exceed  the  force  of  steam  per 
inch  required  to  work  the  engine;  and  the  orifice  opened 
should,  in  all  cases,  be  so  large  as  to  permit  (he  steam  to 
C'scapf  fasiter  than  it  can  he  generated. 


MERCURIAL  OAUOE. 

Fusible  metal  plugs  have  been  proposed  as  an  addiliooal 
precaulioi)  to  the   use  of  safety  valves.     The  sui;ges(ion 
originated  with  Trevithick,  who  hud  holes  drilled   in  lb« 
sides  of  his  high-pressure  cUindrical   boilen<,juKt   below' 
the  water  line,  in  w  hich  the  plugs  were  inserted  ;  so  thir, 
should  the  water,  from  any  accidental   circunistancc,  **mi 
below  its  proper  level,  and  endanger  the  explosion  of  tli« 
boiler,  by  the  sides  becoming  intensely  heated,  the  plujp 
would  melt,  and  allow  the  sleam  and  explosive  fp\%c*  to 
escape.     They  have  also  been  recommended  to  be  put  into 
the  bottoms  of  the   boilers,  in   order   that,  if  the   l^oiler 
should  become  dry,  the  plug  should  fuse,  and   the  firr  be 
put  out  by  the  discharge  of  the  steam  into  the  fumact. 

Some  manufacturers  introduce  two  safety  valves  to  a 
boiler,  one  of  them  loaded  with  a  less  weight  than  (be 
other,  in  order  to  give  timely  notice  of  the  excess  of  pm- 
sure,  as  well  as  with  the  view  of  increasing  the  securitv, 
should  one  of  the  valves,  owing  to  corrosion,  stick  in  its 
seat,  or  fail  to  act  properly,  from  any  other  cause. 

The  mercurial  ^auge  is  another  great  security  to  i 
boiler,  as  it  alwa)8  indicates  the  exact  pressure ;  and  vhouU 
the  force  of  the  steam  increase  beyond  the  range  of  IW 
gauge,  so  as  to  endanger  the  security  of  the  boiler,  Ibf 
mercury  m  forced  out  of  the  tut>e  into  a  vessel  placed  l» 
receive  it,  and  the  steam  escapes  up  the  tube  into  tlw 
atmosphere.  The  weight  of  the  mercury  might  be  oadc 
to  depress  the  power  end  of  a  long  lever  of  the  first  c 
by  attaching  the  receiver  to  it,  whose  other  end 
raise  a  valve  loaded  with  a  weight  greater  than  the 
sure  of  the  steam  which  ejected  the  column  of  mercury 
out  of  the  lube;  the  valve  would  thus  be  kept  open,aa4 
aflTord  a  great  additional  security  to  the  boiler;  or,  thr  de- 
pression «)f  the  lever  by  the  mercury,  might  he  made  to 
ring  a  bell  to  call  attention  to  the  circumstance;  or 
la  damp  ihe  fire,  b>  shutting  off  the  supply  of  air,  and  by 
Miriuu;*  obvious  means  be  made  to  check  the  too  rapid 
;;rneration  of  steam. 

ln»l"uc^  of  the  conical  plugs  usually  employed  in  ssfrty 
\jiUe«,  Mr.  Woolfe  has   introduced   very  generall^^ 
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kk  boilers  plii^  of  a  cYtiitdriciil  funn.  The  cylinder, 
tUch  fits  easilv  into  an  aperture  in  the  top  of  the  boiler, 
ku three  lonfritudinal  grooved;  the  steam  passes  up  these, 
ud  pressing  against  the  under  surface  of  the  head,  raises 
tWplu^,  and  allows  the  steam  to  escape.  The  plug  is 
loaded,   either   by  a   weight  suspended   to   it   inside    the 

boiler^  by  weights  laid  directly  upon  the  top,  or  by  the 

agency  of  a  loaded  lever. 
We  shall  now  proceed  to  describe  several  new  forms  of 

Mfety  valves  that  have  recently   been  published  in   the 

identtfic  journals,   and    which    have    been    successfully 

Iwonght  into  use. 


Bl^f'acting  Safety  Valv€j  by  Benjamin  HickSy  of  Bolton, 
iMncashire.     1822. 


^ 


is  invention  was  described  by  Mr.  Hicks  (of  the 
Steam  Engine  Manufactory,  at  Bolton),  in  a  letter  to  the 
editor  of  the  f^eeds  Mercury.  The  writer  states  that  it  is 
not,  strictly  speaking,  his  invention,  hut  rattier  his  appli- 
cation of  it  to  a  new  purpose,  and  that  a  similar  valve 
M  been  used  as  a  clack  for  a  pump^  upwards  of  a  hun- 
dred years  ago.  He  observes,  that  he  has  had  a  valve  of 
the  kind  in  use  for  upwards  of  four  years,  and  is  of  opinion 
inatit  is  scarcely  possible  for  an  accident  to  lake  place  iu 
B  boiler  provided  with  one. 
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The  nppiiing  in  the  lower  part  of  the  box  (vihich  m 
H\eU  on  the  boiler  top,  or,  tf  more  conveniently^  in  anv  pm^rt 
of  a  pipe  havins^  a  free  conmiuiiication  with  it,)  reqijir<rs 
to  be  of  such  a  size  as  to  allow  a  free  discharge  of  all  tfcm«e 
steam  the  boiler  ia  capable  of  generating.  This  opening 
is  covered  with  a  spherical  valve,  (which  is  made  of  leai<l 
and  covered  with  brass,)  of  such  a  weight  as  to  press  wicfa 
as  many  pounds  per  square  inch,  as  the  pressure  of  tlse 
steam  in  the  boiler  at  its  maximum.  The  projections  are 
ineiely  to  prevent  the  ball  from  falling  off  its  seat. 

U  is  obvious  that  this  valve  works  with  very  little  fric- 
tioUf  and,  requiring  no  attention,  may  be  entirely  secured 
tVum  iho   in(et*ferejice  of  careless  attendants,  and  a   pi  f^^ 
may  be  attached   to   the  branch  of  the  box,  and   carri^^ 
into  the  chimney.     Mr.  Hicks  recommends  this  valve,  i»o(- 
as  a  substitute  for  the  ordinary  bafety  valve,  but,  in  ^^^ 
cases,  in   addition,  and  so   loaded  as  only  to  be  brou^fc^ 
into  action  at  a  very   trifling  additional  pressure  ab^^* 
that  to  which  (he  other  is  subjected.* 

This  valve  would  be  found  of  great  service  in  prevers  ^ 
ing  the  boiling  over  of  the  feed  pipes  of  boilers,  when  tl* 
rooms  over  them  are  used  as  drying  stoves  in  printi 
works,  bleaching  works,  &g. 


Patent  Safety  Apparatus^  by  Joseph  Eve,  of  London,  I 


At  page  3S6,  a  description  is  given  of  Mr.  Eve^s  (afc> 

lar  boiler,  to  which  this  safety  apparatus  is  provided  ;  t>  kV^ 
it   \s  equally  applicable  to  any  other  boiler,  whether     **' 
hirjli  or  lr>w  pressure. 

Fi'T,  I,  shows  ii  vertical  section   of  a  compound   tul?^  • 
rt  is  n  p»ston  rod,  screwed  into  a  piston  6,  fitting  a  hollo*^ 
cylinder  e,  wl^icU  is  screwed  at  its  ba.se  into  the  steam  f^" 
ceiver  or  boiler,     o  is  a   hole   perforated   thro**gh  6,    •* 
allow  the  steam   to  ascend  into  the  hollow  r^pace  abo^^ 
the  piiston,  so  that  the   pressure  is  equal   on  both  side^ 
with   the  exception   of  the   piston   rod,   the  diameter    of 


•  Register  of  Arl%  vol,  iv.  p.  341. 


*bicb  alone  is  unbalanced.     The  piece  h  hy  screwed  into 
(he  upper  part  of  the   tube  «,  prevents  the  steam    from 
Mcending   higher;   another  piece  g  g,   having  a   hollow 
>pue  in  the  top,  is  screwed   into  h.     Both  thrfie  pieces 
iute  a  hole  bored  in  their  centres  lengthuav^,  of  a   dia- 
meter equal  to  the  piston  rod  a,  and  to  altnw  it  to  work 
Up  and  down.    The  hollow  space  in  the  middle  of  the  two 
pieces  9  and  h  is  filled  with  packing,  so  as   to  prevent  any 
^^pe  of  the  steam   lengthways  of  the  piston  rod.     I'he 
Cup  p,  at  top,  iiii  filled  with  oil ;  I:  it  is  a  basin  containing 
*aler,   to   keep  the   upper  part   cool;  the  weights  with 
%liich  the  apparatus  arc  loaded  are  placed  at  m. 
The  hollow  tube  e  haa  longitudinal  openings),  as  repre- 

i^nled  in  fig.  4,   (which   is  an   external   view  of  it,)  and 

through  these  openings  the  steam  escapes,  whenever  the 

l^iston  6  riaes. 

Pig.  2  represents  a  jacket^  which   fits  over  the  tube  c, 

it  has  likewise  the  same  number  of  longitudinal  holes  cut 
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through  it,  and  slides  over  the  said  tube ;  by  adjustinc  tli 
jacket,  tlie  channel  for  the  escape  of  steam  can  be  ma4 
narrower,  accordingly  as  it  may  be  desirable  to  raise  (I 
piston  more  or  less.  The  hollow  vessel  /,  is  fixed  over  l| 
lower  part  of  the  apparatufi,  so  as  to  intercept  tbetteti 
from  the  upper  part  of  it,  when  the  rod  is  loaded.  Tb 
pipe  7,  leads  from  the  hollow  vessel  2,  to  Ibe  condeMH 
or  serves  for  the  escape  of  steam.  ^H 

Fig.  3  presents  an  outside  view  of  the  piston  ;  a  Hi 
rod;  c  c  packing  rings,  two  on  the  upper  side  and  iwom 
the  lower;  these  rings  press  against  the  tubec,  keeping ii 
Nleam-ti^ht,  so  as  to  admit  none  to  escupe  by  the  longiln 
dinal  openings;  d  d  are  two  pieces  of  metal  !«crewrd  o«  i< 
the  top  and  base  of  the  piston,  to  confine  the  paduM 
rings.* 

Sqfgiy  Valve,  by  Mr.  C.  Sockl^  of  Royal  Rom^ 

18-25. 


4 


The  inventor  of  this  contrivance  was  rewarded  by  tki 
Society  of  Arts  for  the  invention.  It  appears  to  be cal 
culated  to  afford  very  great  security,  and,  in  the  opinioi 
of  the  inventor,  is  peculiarly  applicable  to  steam  boilcE 
on  board  of  vessels. 


Instead  of  the  solid  lid  which  covers  the  roai 
copper  plate  or  dish  is  to  be  aulwtituled,  as  xhnwn  in  iIm 
above  tigure.  6  is  the  copper  dish,  surrounded  by  a  no^ 
of  the  same,  by  which  the  plate  is  firmly  Hcrewcil  davfl 
upon  the  rim  of  the  main  hole.  In  the  middle  of  lU 
plate  is  lixed  the  valve,  of  which  /  is  the  collar,  madea4 


•  Rpgrstrr  of  Art%  »ol,  %w,  p.  J7, 
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iron  or  hra-s;  d  th(*  ]>lti!>:,  ^iliith  is  ground  air-tight  info 
tbp  collar,  and  is  krpl  in  i(s  plnce  by  the  spiral  spriiii; 
fthich  siirroiiiids  its  stem,  and  the  slay  e:  over  lh(»  ^vholc 
is  fixed  a  strong  cross-piece  f/,  which  is  tirnily  screwed 
down  upon  the  rinfi^  that  securer  the  plale  A.  In  the  cross- 
piece  wurks  the  reffulatinj^  scre\v  r,  which  may  be  screwed 
donn  upon  the  head  of  the  plu)i|^, 

Tlie  operation  of  the  valve  is  easy  to  understand.  6,  the 
plate  or  di.>4i,  is  only  one-fonrib  or  one-third  the  thickness 
of  the  other  parts*  of  the  boilfr:  it  will  not  aflbrd  the 
^me  resistance  to  the  steam:  when  this,  therefore,  gets 
beyond  the  ordinary  pressure,  it  will  cause  the  plate  to 
become  somewhat  convex,  and  will  thug  leave  a  clear 
space  between  the  collar/and  the  conical  plug  d,  for  the 
steam  to  escape;  as  soon  as  the  power  diminishes,  the 
pltte  will,  by  its  elasticity,  return  to  its  former  place,  and 
by  closing  down  upon  the  plug,  prevent  any  further 
escape  of  steam. 

The  object  of  this  valve  is  not  so  much  to  regulate  the 
working  pressure  of  the  steam,  as  to  act  in  aid  of  the  com- 
non  valve,  by  aSbrding  an  additional  aperture  in  case  the 
ileam  should  acquire  a  dangerous  degree  of  force.  It 
differs  from  the  plug-valves  in  common  use  in  thiscircum- 
il&nce,  namely,  that  in  the  latter  the  plug  rises  out  of  its 
socket,  in  order  to  allow  a  vent  for  the  steam,  whereas,  in 
Mr. Sockl's,  the  socket  rises  away  from  the  plug.  The 
chief  advantage  resulting  from  this  is,  that  if  any  adhesion 
>liould  have  taken  place  between  the  plug  and  the  socket, 
Ills  more  likely  to  be  overcome,  on  account  of  the  great 
iurface  of  the  socket  with  its  attached  copper-plate,  which 
u  exposed  to  the  action  of  the  steam.* 


*  Transactioiu  or  the  Buciety  ot  Art« 


jj 


ro''iTi'»>«  (IF  rrMSTBK 


SECTION   III. 

OV   rilRrROPORTIONtOFTHB  PARTS  OF  ENO  I  N  tff,  TKIII 

cuxsrnncTiox  and  arraxgembmt. 


In  tlie  former  part  of  (hU  work,  a  conitidcrablc  nunibrr 
of  ftigint's  huve  been  di'scribed,  compri^in^  raoHl  of  (W 
VHriations,  either  in  the  form  or  principles  of  (he  machine, 
which  have  been  designed  up  to  the  present  time.  Htriaf 
thus  shown  the  various  parts  in  their  combined  ilatt,  *< 
purpose  describing  the  constituent  parts  separalcl),  ii 
their  most  approved  forms  and  arrangements;  to  wkkk 
we  shall  add  some  rules  for  the  proportions,  srlrctrd  fron 
the  best  aulhoritien.  But  a4  our  limits  will  not  allow 
(o  describe  particular!)  each  claBA,  we  shall  confine  mr- 
selves  to  that  which  is  mostly  used  to  drive  macbinen  la 
general,  namely,  the  double-acting  condensing  pl^rtfl^ 
and  according  to  it^  arrangement,  to  act  expan«itel\,orst 
full  pressure.  Of  the  other  sorts  of  enc;ine<s  tk«  wo- 
condensing  engine  differs  only  in  having  fewer  parts  thai 
condensing  engines,  and  the  single-acting  and  almospWfit 
engines  are  employed  chiefly  in  pumping. 

We  shall  begin  with  the  position  and  proportioiHof 
the  cylinder,  on  both  which  points  engineem  ditfTer  mM) 
among  themselves;  we  shall  notice  the  v artel ie«  of  il«ir 
pt^ctice,  with  the  most  prominent  objections  (osomtof 
the  arrangements  which  have  been  adopted  in  this  part  of 
the  engine. 

77ke  positions  qf  tlu  Cylinder — have  been  varied  in  sll 
possible  ways,  either  to  suit  local  circumstaace«,  or  froa 
the  peculiar  views  of  the  maker;  they  have  l>ren  ptacf^ 
horizontally,  obliquely,  erectly,  inverted,  and  «ome  haft 
been  made  to  vibrate  on  arms,  nnd  others  to  revolve. 

Horizontal  Cylinders. — The  priticipal  reasons  for  pU- 
cing   cylinders   horizontally    ffeeiii    lo    he,    IhnI  a  hm^i 
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stroke  can  be  obtained  than  could  be  had  with  the  cylin- 
<lcr  in  any  other  position,  and  that  they  are  firmly  and 
t^c^dily  fixed  with  but  little  framing.  These  circumstances 
>"ender  the  horizontal  position  peculiarly  suited  for  steam 
l>oats,  where  the  small  height  below  decks  would  limit 
vertical  cylinders  to   very  short  strokes,  and  cause  the 
piston  to  travel  more  slowly,  thereby  increasing  the  loss 
of  power  from   the   reciprocating  movements  of  the  ma- 
chine; and  it  is  of  advantage  to  the  stability  of  a  vessel 
to   place  the   load  as  low  as   possible.     In   mountainous 
mining  countries  also,  where  the  transport  of  ponderous 
frame- work    would    be    difficult    and    expensive,    these 
engines  offer  greater  facilities  than  others  for  removal. 

In  an  engine  constructed  by  Messrs.  Taylor  and  Marti- 

neau,  for  the  Moran  Mine,  in  Mexico,  the  cylinder  was 

composed  of  two  cylindrical   pieces  bolted  together,  and 

laid   horizontally;  the   diameter  was   18  inches,  and  the 

length  of  stroke  nine  feet,  which  is  the  greatest  length  of 

ttroke,   in  proportion   to  the   diameter  of  the  piston,  we 

^er  met  with.     But,  notwithstanding  these  advantages, 

Cylinders  in  a   horizontal   position  are  rarely  used,  even 

for  the  purposes  already  mentioned,  for  which  they  seem 

<n  many  respects  so  well  adapted;  the   chief  objection   to 

them  being,  that  the  piston  and  cylinder  wear  unequally, 

Owing  to  the  increased  friction  upon  the  lower  side  of  the 

cylinder,  and  that  of  the  piston  by  the  weight  of  the  latter. 

Jk.  partial  remedy  for  this  effect  was  the  subject  of  a  patent 

to  Mc'ssrs.  Taylor  and  Martineau,  in   1824,  (see  Register 

%>f  Arts,  vol.  iii,  page  261,)  but  we  have  never  seen   it 

applied,  owing,  we  suppose,  to  the  engine  being  thereby 

rendered  less  simple  and  compact.      Long   piston   rods 

are    objectionable,   from    their    liability   to   bend   in    the 

middle. 

Inclined  Cylinders. — Mr.  Brunel'ri  engine,  employed  at 
the  Thames^  Tunnel,  (described  at  page  249,)  is  an  instance 
of  cylinders  placed  obliquely.  This  engine  was  especially 
designed  for  steam  boats.  It  is  obvious  that  this  position 
of  the  cylinder  has  both  the  advantages  and  disadvantages 
of  the  faurtzoDtal,  but  each  in  a  less)  degree. 

19.  3  I 
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Ertct  Cylinders- — By  this  term  in  ineani  ihtmf  «bkk 
arc  placed  iipri<;ht,  uith  the  pislou  rod  puaaing  throa^ 
the  top  of  the  cylinder.  These  are  in  the  most  geotral 
use,  and,  unless  in  peculiar  casein,  seem  to  deserve  ibc  pr^ 
Terence,  the  wear  of  the  cylinder  bein^  more  equal,  iiid 
not  so  great  as  in  any  other  position. 

Inverted  Cylinders. — Those  ore  also  upright  cylindrni, 
but  with  the  piston  rod  passing  out  at  the  lower  end  of 
the  cylinder.  Two  instances  of  ihis  position  of  thccjhB* 
dcr  have  fallen  under  our  notice,  that  struck  u<  at  tt* 
tremely  faulty.  The  first  was  Mr.  Perkins's  engine,  whick 
was  at  work  a  short  time  in  pumping  ut  the  St.  Kalb^ 
rine's  Docks.  This  was  a  single-acting  eDgine,  workiigi 
it  was  said,  with  steam  at  800  lbs.  pressure  upon  the 
inch;  the  cylinder  was  placed  above  the  tly-i«hecl,  nhicli 
was  of  small  diameter;  the  piston  rod  was  of  large dit- 
lueter,  in  proportion  to  that  of  the  piston,  and  the  con- 
necting rod  very  short.  The  steam  was  admitted  above 
the  piston,  and  the  return  stroke  was  made  by  the  mosfft* 
turn  of  the  tly-whcel  against  the  weight  of  the  piston,  con- 
necting rods,  &c.  in  addition  to  the  load,  caut»ing  a  ter) 
violent  and  unequal  motion.  The  other  iostance  was  Dr. 
Alban*s  engine,  set  up  at  the  same  place,  in  which  tbetr 
rangement  was  equally  faulty;  the  connexion  of  the  fly- 
wheel was  badly  contrived,  and  appeared  to  liave  bea 
adopted,  because  a  connecting  rod  of  sufficient  l«tt|^ 
would  have  required  the  engine  to  be  elevated  to  aa  ii* 
convenient  height. 

Vibrating  Cylinders. — In  these  the  engines  are  sui 
upon  hollow  arms  or  trunnions,  through  which  the 
enters  and  quits  the  cylinder,  and  the  piston  rod  is 
nected  directly  with  the  crank,  or  with  a  stud  oo  OM^ 
the  arms  of  the  fly-wheel.  Several  patents  have  be«i«^ 
tained  for  engines  on  this  principle,  and  a  few  coflMiif 
the  kind  have  been  constructed  in  America,  but  wecsiH 
not  sec  in  what  their  superiority  consists,  unless  it  be  thtk 
greater  compactness  than  other  reciprocating  engines. 

Revolving  Cylinders. — In  revolving  engines,  ihc  cUia- 
der  is  suspended  by  hollow  arms,  and  is  carried  roood  wili 
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the  fly-vrheel.  Several  patents  have  been  obtained  in  thi:i 
country  lor  engines  of  this  kind^  and  some  have  been  con- 
strucled  also  in  America;  but  we  cannot  discover  wherein 
their  advantages  lie.  Fur  an  estimate  of  their  merits,  see 
remarks  on  Witty *s  engines,  pages  211  and  212. 

Proportions  of  the  Cylinder. — In  the  due  proportions 
between  the  diameter  and  length,  no  two  makers  agree; 
indeed,  from  the  different  proportions  met  with  in  different 
engines  by  the  same  maker,  it  would  seem  to  be  u  point 
of  no  material  importance.     A  patent  was  taken  out  by  a 
Mr.  Freemantle,  for  making  engines  having  the  length  of 
stroke  equal  to  the  diameter,  on  the  ground  of  such   pro- 
portions causing  the   least  quantity  of  friction.     In  the 
engine  for  the  Moran  mine,  it  has  been  seen  that  the  dia* 
meter  was  only  one-sixth  of  the  length  of  the  stroke.  Mr. 
Tredgold  is  of  opinion,  that  if  the  parts  be  duly  propor- 
tioned, and  the  velocity  regulated  so  as  to  be  equal,  the 
only  circumstance  necessary  to  be  attended  to  in  the  pro- 
portions of  a  cylinder  is,  that  the  steam,  during  its  action 
in  the  cylinder,  should   be  bounded  by  the  least  possible 
quantity  of  cooling  surface;  and  as  this  condition  is  ob- 
tained when  the  length  of  the  stroke  is  equal  to  twice  the 
diameter  of  the  cylinder,  he  recommendB  this  as  the  best 
proportion,  in  all  cases  where   the  space  for  the  engine 
does  not  limit  the  length  of  the  stroke. 

Jacket, — To  prevent  the  condensation  of  steam  in  the 
cylinder,  it  is  necessary  to  keep  it  as  hot  as  possible;  to 
effect  this,  Messrs.  Bolton  and  Watt  surrounded  the 
working  cylinder  with  a  cylindrical  case,  to  which  the 
term  jacket  was  applied;  bct\veen  these  two  there  is  a 
narrow  space,  through  which  the  steam  passes  in  its  way 
to  the  cylinder;  this  arrangement  has  been  very  generally 
followed  by  manufacturers,  but  we  do  not  perceive  that 
any  advantage  can  be  gained  by  the  practice ;  for  it  should 
he  considered  that  the  jacket  presents  a  larger  surface  to 
the  cooling  influence  of  tlie  atmosphere,  than  the  cylinder 
itself,  and,  consequently,  that  it  must  condense  the  steam 
more  rapidly.  If  the  jacket  be  supplied  by  a  separate 
«(cani  pipe,  still  the  loss  from  condensation  in  the  jacket 
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must  fully  compensate  tor  the  greater  preiMureof  ibeftteam 
ill  the  cylinder.  The  jacket  ulso  udds  considerably  lo  ike 
weight  of  the  engine.  For  these  reasons,  we  think  that 
the  jacket  might  very  well  be  dispensed  with.  Mr.  Tred* 
gold  has,  we  find,  anticipated  us  in  recommending  an  air- 
tight casing,  which  would  lessen  the  condensation  in  tbr 
cylinder,  make  a  saving  in  the  expense  of  fuel,  and  kerp 
the  engine-house  cooler. 

The  following  are  the  contrivances  in  general  use  for 
opening  and  closing  the  various  steam  passages;  tlie  lint 
of  these  nhich  we  shall  notice  is  the 

Throttle  Va/ve,  which  is  a  thin  disc  placed  on  the  stetm 
pipe,  between  the  boiler  and  the  cylinder;  it  turns  upoi* 
!>pindle,  whicli  is  regulated  either  by  hand  or  by  the  |ik 
vemor,  and  may  be  set  so  os  to  intercept  a  greater  or  ktt 
portion  of  the  steam  in  its  passage,  and  regulate  lhe»(i)>* 
ply  according  to  the  work. 


This  valve  is  never  wholly  closed  during  the  workinf 
of  the  engine.  The  above  cut  represents  this  valve,  aa4 
requires  no  further  explanation. 

Fouv'tvay  Cock* — Of  the  various  inventions  of  adaal' 
ting  the  steam  to  pass  to  and  from  the  cylinder,  the  foar* 
way  cock  is  one  of  the  earliest  and  most  simple.  It  mi 
adopted  by  l^upold,  who  first  purposed  to  use  high-pi^ 
sure  steum  under  pistons;  and  Trevithick,  \iho  broogkt 
high-prcs(»ure  engines  into  use  in  this  country,  used  a  foaf* 
way  cock  to  open  and  shut  the  steam  passngra  in  his  leco* 
motive  engine.  The  annexed  cut  will  alTurd  a  clctf 
comprehension  of  its  construction,  a  represents  the  ro0* 
nunication  with  the  steam-pipe  from  the  boiler;  A  ihi 
pMvage  lu  the  upper  side  of  the  piston;  c  the  piiwu^n W 
the  lower  side  of  the  pi«iton ;  nnd  ii  the   |Mts«iage  to  ikl 
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condenser.  In  the  position  represented,  the  steam  is  en- 
l<^ring  the  upper  part  of  the  cylinder,  and  the  loner  part 
^  open  to  the  condenser.  If  the  cock  be  turned  one  quar- 
ter of  a  revolution  in  either  directionj  c  will  communicate 
^Mh  Che  steam  pipe,  and  6  to  the  condenser. 

The   four-way    cock    has    been   greatly    improved    by 

nraiuah   and  by  Maudslay,  but,  under  any  modification, 

<(  has  the  defect   of  causing   a   loss   of  steam;    for  not 

only  the  steam  in  the  cylinder,  but  that  in  the  steam  pas- 

ttge,   passes  to   the  condenser;  so    that   at   each   double 

stroke,  there  is  a  loss  of  the  whole  contents  of  the  steam 

passage,  which,  as  it  is  usually  equal  in  area  to  one-fiflb 

the  area  of  the  cylinder,  and  is  of  the  length  of  the  cylinder, 

the  loss  will  be  one-tenth  of  the  whole  quantity  of  steam 

required  for  the  cylinder.     This  loss  might   however  be 

obviated,  by  having  a  separate  cock  to  each  end  of  the 

cylinder,  which  would  render  them  very  well  adapted  for 

small  engines. 

D  Slklmg  Fa/iJe.— As  the  friction  of  cocks  of  large  dia- 
meter is  very  considerable,  sliding  valves  are  more  gene- 
rally used;  the  simplest  is  that  termed  the  D  slide,  from 
the  resemblance  of  its  figure  to  that  letter. 

The  following  cut  shows  the  slide  in  section;  a  is  the 
steam  box,  into  which  the  steam  is  admitted  by  the  pas- 
sage b.  The  box  is  bolted  to  a  pipe  c,  formed  into  three 
divisions — d  being  the  steam  passage  to  the  upper  side  of 
the  piston,  e  to  the  lower  side,  and/ to  the  condenser;  the 
apertures  of  these  passages  are  faced  with  brass,  and  the 
space  between  each  opening  it  is  essential  should  not  be 
less  than  the  opening;  y  is  a  block  of  metal,  with  a  recess 
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cast  in  it,  equal  in  length  to  two  of  the  apertures  and 
space  between  them ;  this  block  h  usually  faced  wiLb4>r 
and  g^round  upon  the  pipe  c,  so  as  to  slide  over  it 
tight;  it  is  moved  by  a  rod  A,  which  passes  through] 
stuffing-box  k.  In  this  position  of  the  slide,  the  st< 
would  pass  through  d  to  the  top  of  the  piston;  whibt  tbe 
steam  beneath  the  piston  would  pass  through  e  lo  tbe 
eduction  passage y.  On  raising  the  slide,  d  becomef  opea 
to  the  eduction  pansagc,  and  e  to  tbe  Hteam.  This  slide 
has  the  same  disadvantage  as  the  four-way  cock,  in  vratl- 
ing  the  whole  of  the  steam  contained  in  tbe  steam  pat- 
sages;  the  apparatus  in  general  use  is  that  termed 

Murdoch's  Slides,  invented  by  William  Murdock,  of  the 
firm  of  Bolton,  Watt,  and  Co.^  they  arc  represented  by 
the  annexed  figure. 

a  represents  a  portion  of  the  steam  cylinder,  with  it! 
steam  jacket  6,  a  semi-cyliiulricul  pipe  of  greater  length 
than  the  cylinder,  and  having  on  its  flat  side  at  one  end 
two  apertures  c  </,  c  coiumunicaling  u  ith  the  uppiT  end 
of  the  cylinder,  and  d  with  the  steam  jucKct;  at  the  lower 
part  is  another  opening  e,  which  communicates  with  the 
lower  end  of  the  cylinder;  these  openings  are  faced  witli 
brass  ground  to  a  perfect  plane.  The  space  between  r^ 
must  not  be  less  than  the  breadth  of  one  of  the  openingi. 
An  interior  pipe  of  similar  form,  open  at  each  crnd,  itul 
faced  at  each  extremity  with  a  brass  plate  of  the  breadth 
of  one  of  the  openings,  is  pressed  against  the  aperture*  in 


tbe  exterior  pipe  or  rase,  by  a  packing^,  Ceguiatcd  by 
screws  A  h,)  at  each  end ;  the  space  between  the  two  pack- 
ings forming  a  compartment  in  which  the  steam  circulates. 
This  slide  is  moved  by  a  rod  passing  through  a  stuffing- 
box,  und,  as  it  is  raised  and  lowered,  the  steam  is  admitted 
alternately  to  one  end  of  the  cylinder,  whilst  the  steam 
from  the  other  end  is  passing  through  the  hollow  slide,  by 
the  eduction  pipe  it,  to  the  condenser:  /  is  the  throttle 
vmlve.     These  slides  being  very  simple,  and  not  liable  to 
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^et  out  of  order,  are  extensfvely  used,  and  almost  exclu- 
sively on  board  stt'um  vessels. 

Conical  Valves  are,  however,  the  most  effective  for  Urge 
engines.  These  are  formed  of  circular  plates  of  braav, 
with  their  edges  ground  conically,  so  aa  to  lit  into  conical 
brass  seats.  These  valves  are  generally  lifted  by  ro<l», 
working  through  stuffing-boxes,  (see  Murray  and  Wood's 
valves,  page  134.) 

When  the  diameter  of  these  valves  exceeds  six  iDcbc% 
it  requires  a  great  force  to  overcome  the  pressure  of  tiM 
steam  upon  their  upper  surfaces,  when  there  is  a  vacuun 
beneath  them.  For  thi!)  inconvenience  Mr.  Watt  devriird 
the  following  remedy.  To  the  lower  side  of  the  valvr* 
box  Is  attached  a  short  cylinder  r,  open  at  the  npficrrnd 
into  a«  and  connected  at  the  lower  cod  with  the  slrtm 


pipe  A.  This  cylinder  is  of  the  same  diameter  as  the  nirt 
r,  and  has  a  pidton  (/  connected  with  the  valve  r,  hj  i 
rod/;  g  represents  the  opening  into  the  cylinder,  and  I 
the  passage  to  the  eduction  valve.  If  we  now  siippoM 
there  is  a  vacuum  beneath  the  valve  c,  the  pi«;toD  d  'b 
pressed  upwards,  with  the  same  force  as  c  is  pressed  dovi* 
wards,  therefore  the  pressure  upon  c  is  thus  completrlj 
neutralised. 

Homblowtr^M  Valvu  are  also  designed  to  efloct  the  nm 
object  as  the  last  described;  namely,  that  uf  diminisbiaf 
the  pressure  upon  valves  of  large  area.  The  followiaf 
represents  a  section  of  the  contrivance. 

a,  is  a  short  cylinder,  communicating  at  6,  with  iW 
•team  pipe,  and  at  c  with  the  cylinder;  if  is  a  short  lolWy 


I  o^ving  a  fillet  round  iu  upper  edge,  which  is  ground  into 
*  CoDical  seat,  and  its  lower  edge  ground  upon  a  plate/, 
^ith  a  conical  edge,  which  is  attached  to  the  bottom  of  a; 
■  is  moved  by  the  rod  ^,  pussing  through  a  stufling-hox 
^Qd  a  guide  A.  On  raising  d,  the  steam  rushes  through  it 
>nto  the  cylinder.  The  area  of  the  valve  upon  which  the 
Meam  presses,  is  merely  that  of  the  conical  seals. 

On  account  of  the  difficulty  of  grinding  a  valve  equally 
into  two  seats,  Mr.  Tredgold  proposes  to  remove  the  upper 
seat  of  this  valve,  and  substitute  a  packing  for  it,  in  which 
the  tube  d  shall  move. 

Dimetmons  of  Hie  steam  passages. — There  are  some  varia- 
tions made  by  engineers  in  this  respect;  it  is  usual  with 
some  to  allow  one  inch  square  per  horse  power,  for  the 
area  of  the  steam  pipes;  while  others  regulate  the  area 
of  the  steam  passages  at  one-fifth  of  that  of  the  cylinder. 

Eccentric  Motion, — The  opening  and  closing  of  the 
ralve-s  are  usually  effected  by  the  re  volution  of  the  fly- wheel. 
On  ita  axis  is  placed  a  circular  plate,  called  the  eccentric^ 
from  its  centre  not  coinciding  with  that  of  the  axis.  The 
eccentric  revolves  within  a  hoop,  to  nhich  a  long  rod  is 
attached;  and  this  rod  is  connected  with  the  levers  by 
which  the  slides  are  lifted.  But  where  nozzles  are  used, 
the  connecting  rod  gives  motion  to  a  spindle,  having  cams 
upon  it,  in  which  cams  the  lower  ends  of  the  rods,  to  which 
the  valve  rods  are  connected,  rest,  and  alternately  rise  and 
fall  with  the  motion  of  the  spindle. 

By  means  of  the  eccentric,  the  opening  and  closing  of 
the  valves  are  performed  by  a  gentle  action,  without  any 
shock  or  striking,  which  is  owing  to  the  uniform,  conti- 
nuous motion  of  the  eccentric;  but  unless  the  range  of 
19.  3  K 


the  valves  U  greater  ihao  tlie  height  of  the  steav 
(which  occasions  unnecessary  friciion),  they  arc  full)  opfu 
(luring  only  a  small  portion  of  the  stroke;  it  has,  thcrcfiTrr^ 
been  proposed  by  Mr.  Tredgold,  to  form  the  eccentric 
into  a  ram  or  tooth.  We  have  Heen  some  instancfs  it 
which  this  has  been  done;  one  of  these  is  an  cnj^inp  bji 
Fenlom  and  Murray,  at  the  London  Dock  New  iia»ia. 

Modes  of  IVorking — When  the  steam  is  open  to  t^ 
end  of  the  stroke,  and  closed  with  the  educlion  vaUe^il  i« 
called  working  at  full  pressure.  It  may,  however,  be  cut 
off  at  any  portion  of  the  stroke,  the  remainder  of  ibr 
stroke  being  effected  by  the  e^punsion  of  the  slram  in  tW 
cylinder,  which  is  ralU'd  working  by  expan^ionj  and  is  tlie 
most  economical  mode. 

When  engines  are  worked  at  full  pressure,  any  of  iKe 
valves  which  we  ha\e  descrilxMl  maybe  used;  but  wbfi 
the  steam  is  worked  expansively,  the  vaUe  motiom  be- 
come somewhat  more  complicated,  as  the  steam  \zUe  n 
closed  at  a  certain  part  of  tlie  stroke,  whilst  the  cdurtios 
valve  closes  only  with  the  termination  of  the  stroke,  ao^ 
thus  I  wo  separate  motions  are  required.  The  conical  v«l?o 
are  generally  used  in  this  case;  each  valve  bein^  liHiHiiip 
by  a  separate  rod,  moving  on  separate  cams ;  but  Mr.  Trr^ 
gold,  in  his  m  ork,  shows  a  method  of  adapting  the  nVtdft 
and  four-way  cocks  to  expansion  engines,  by  enlarpnc 
their  range,  and  moving  them  at  two  motions. 

Pfs/ofif.— There  is  no  part  of  the  steam  engine  in  nhich 
good  principles  of  construction,  combined  with  the  ptt- 
fection  of  workmanship,  are  so  essential  to  the  efficieneyof 
its  operations,  as  the  piston.  It  is  not  sufficient  that  hi 
periphery  should  accurately  fit,  so  as  just  to  touch  even 
part  of  the  internal  circumference  of  the  cylinder,  but  it 
must  possess  the  property  of  expansion;  othcrwiio,  i\u 
attrition  upon  its  surface  quickly  reduces  its  dimensioius 
leaving  a  space  between  it  and  the  cylinder,  tbiwo^ 
which  a  portion  of  the  steam  escapes;  whereby  the  ia^ 
petus  given  to  the  piston  is  not  only  reduced  in  propur 
tion  to  the  quantity  of  steam  thus  wasted,  but  the  effect 
of  that  portion  which  does  not  escape,  is  partially  ncutrs 
Jiscd  by  the  steam  acting  on  both  t<ides  of  the  piston. 


'he  difference  of  effect  between  a  good  and  a  bad  piston 
has  been  frequently  found  to  amount  to  more  than  half 
the  power  of  an  engine;  by  which  it  may  become  incapii- 
ble  of  executing  the  required  work,  besiden  wasting  half 
the  quantity  of  fuel  consumed:  in  many  other  respects, 
the  evils  from  the  defects  of  a  bad  piston  are  of  seriou.4  im- 
portance. 

As  the  piston  has  usually  been  made  of  metallic  sub- 
stances, unalterable  by  any  expansive  property  therein, 
it  has  commonly  been  packed  wiih  an  external  coat  of 
hemp  saturated  with  tallow^  in  the  manner  represented 
bv  the  annexed  section. 
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a  is  (he  lower  face  of  the  piiiton,  fixed  to  the  piston  rod 
6,  by  its  conical  end,  and  by  cutter  keys;  c  is  the  upper 
face  of  the  piston,  fixed  to  the  lower  by  screws  d  d;  ee 
»how  the  packing  of  hemp  and  tallow  filling  up  the  large 
groove  or  interstice  between  the  upper  and  lower  discs; 
this  packing  presses  against  the  sides  of  the  cylinder,  and 
when  it  wears  away  by  friction,  the  screws  d  d  are  turned, 
which  forces  out  the  packing  against  the  sides  of  the 
cylioder;  when  the  packing  is  entirely  worn  away,  fresh 
packing  is  substituted. 

Pistons  nearly  of  this  kind,  packed  with  hemp  or  other 
vegetable  substances,  were  in  general  use  from  the  time 
of  Papin  and  Savary  to  that  of  the  Rev.  Edward  Cart- 
wright,  a  period  of  upwards  of  one  hundred  years.  The 
last-mentioned  scientific  clergyman  (who  was  brother  to 
the  late  Major  Cartwright,)  introdnced  the  first  exp(\ial- 
ing  metallic  piston;  an  iinention  of  the  utmost  import- 
ance, it  being  almost  indispensuble  in  higU-pressure 
engines,  as  the  hemp  and  tallow  packing  is  quickly  de- 
biroyed  by  thu  i^n-at  heat  of  tho  steam. 
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Cartwright's  metallic  piston,  as  it  waa  orii^inaUy  con 
8triicted,  hag  been  already  described  at  page  118;  siiic» 
that  lime  it  has  received  some  improved  modificati 
wjiicb  will  be  easily  understood  by  an  examination  of 
annexed  figure,  Hfier  having  perused  the  former  de>fcrip- 
liun  just  referred  to.  a  is  the  piston  rod,  from  whirh 
radiate  a  series  of  spiral  springs  6,  that  press  upon  the 
seicments  c  c.     In  this  piston,  it  will  be  obfrrvcd,  lh« 


con-    , 


eogments  are  closed,  until,  by  the  wearing  of  the  cyliDdrr 
and  piston,  they  open  at  the  joints  and  diverge  by  the 
pressure  of  the  springs,  and  occup)  the  enlarged  arra  ot 
llir  cylinder.  The  spiral  Hprings  are  calculated,  both  by 
their  structure  and  position,  to  last  longer,  and  oprr«te 
uith  better  effect  than  the  feather  springs  of  Mr.  Carl* 
wrighl ;  nevertheless,  these  improved  pistons  had  sevenl 
defects,  which  much  limited  their  employment;  the  fol* 
lowini<^  is  perhaps  the  most  prominent.  When  the  exi^rnd 
segments  wear,  and  separate  by  the  pressure  of  the  vpfiofl^ 
the  internal  ^^e^ments  also  separate  from  the  sam«  canv^ 
but  they  do  not  wear;  consequently,  the  circular  parts  of 
the  internal  segments  no  longer  lit  the  external  aerio, 
but  leave  open  crevices  between  them,  through  which  th« 
steam,  first  entering  the  external  cavities  before  men- 
tioned, readily  tinds  ils  way  into  the  interior  of  the  piston, 
hence  it  proceeds  through  similar  channels,  to  the  oppo- 
Mile  side  of  the  piston.  These  openings  likewise  admit 
Kand,  which  lodges  and  accumulates  in  the  crevices,  until 
iboy  arc  blocked  up,  and  the  springs  cease  to  act. 

Notwithstanding  the  imperfections  of  Mr.  CartwrigMS 


A 


pistons,  they  were  the   best  then  known,  and  were  conse- 
f|HenlIy  applied,  under  various  modificatiun?,  to  nume^ 
rotis  engines.     The   happy   idea   of  constructing  an  ex- 
panding metallic  piston,  is  important  in  another  point  of 
view,  as  it   probably  was  the  cauee  of  calling  forth    the 
inventive  talents  of  Mr.  J.  Barton  to  the  subject,  who  has 
certainly  succeeded  in  producing  a  highly-improved  com- 
bination of  parts,  by  which   the   objections  to  the  Cart- 
irright   piston   are  completely   obviated,  and   the   action 
may  be  deemed   almost   perfect.     This   piston,  under  ita 
earliest  arrangement  of  parts,  has  been  de^icribed  at  page 
^S©,  but  the  improved  modification  now  adopted  by  the 
irtventor,  togellier  with  the  importance  of  the  invention, 
'"^^iider  a  fresh  description  of  it  a  matter  of  propriety. 


(Ftr;   I  ■) 


(FIG.  2) 


Fig.  1  represents  a  plan  of  Mr.  Barton's  piston,  with 
the  top  plate  removed;  fig.  2  is  a  vertical  section  of  the 
same,  taken  in  a  line  with  b  e  d  b  on  the  plan. 

a  a  a  a  are  the  four  metal  segments;  b  b  b  b  four  right< 
angled  wedges  interposed  between  the  segments,  their 
points  forming  a  portion  of  the  periphery  of  the  circle; 
c  r  c  c  is  a  thin  steel  spring,  formed  into  a  single  broud 
hoop,  and  pressed  into  the  undulated  form  represented, 
by  which  it  is  found  to  act  with  uniform  energy  upon  the 
tvedges,  until  they  and  tlie  segmenta  become  so  much  worn 
in  the  course  of  time,  that  the  steel  spring  recovers  itself 
into  it<<  origin;)l  circulnr  figure;  d  is  the  frame-work,  cast 
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in  one  piece,  with  the  lower  plulo  of  (he  piston;  c  is  iIm 
piston  rod;  the  dark  spaces  shown  on  (he  plan  within  xkt 
circular  frame  d,  arc  cavities  to  lessen  the  weight  of 
metal;  (he  other  dark  hpuces  arc  cavities  to  allow  of  ike 
free  action  of  the  circular  sprin;^. 

To  prevent  (he  segments  from  falling  nt;(  of  their  places 
whiUt  the  piston  is  being  taken  out,  or  put  inlu  the  cylin- 
der, the  periphery  of  it  is  grooved  near  (o  its  upper  and 
lower  edge,  in  which  are  sunk  two  slight  spring  boop«, 
cleft  across  into  forked  joints,  which  close  together  ai*- 
pl)'  by  their  elasticity.  To  lubricate  the  piston,  there  is 
u  third  groove,  made  midway  between  the  two  former,  for 
(he  reception  of  oil;  these  parts  are  not  introduced  into 
the  figures. 

The  action  is  as  follows: -as  the  piston  and  cylioder-*--. 
wear  away  by  the  friction,  thd  circular  npring  r,  prcMe^^ 
out  the  wedges  6,  and  these  project  the  segments  agaiA*^ 
the  cylinder;  by  degrees  lliry  are  reduced  to  (be  disf^. 
sions  of  (hat  exhibited  in  (he  annexed  figure,  w1iidiiia« 


(FIG.  3.) 


exact  represen(ation  of  one  that  we  saw  (aken  out  oft 
cylinder,  wherein  it  had  been  cons(anlIy  working  (wilk* 
out  repairs)  for  several  years. 

Neither  the  cylinder  nor  piston  were  in  the  sligbteat^ 

■       grce  grooved  or  scored,  but  had   both  retained  their  ci^ 

cnlar  figure,  and  were  highly  polished  on  their  rubbtM 

surfactrs  :   we  say  (hit*,  as  the  con(rary  ha*  been  staled,  «c 


Mr.  Barton*tf  serious  disadvantage.  The  Repertory  ol' 
Ariii  contained  a  most  unculled-ror  statement  of  this  kind, 
IVoni  Dr.  Gregory,  the  professor  of  mathematics  at  Wool- 
wich, wliich  statement  Mr.  Barton  triumphantly  ini- 
sweredy  by  having  hi^  pistons  drawn  out  from  the  cylin* 
der  c»f  uii  engine  in  Woolwich  Dock-yard,  and  shown  to 
the  doctor. 

It  is  certainly  easily  demonstrated  that  the  wedges 
move  faster  than  the  segments,  and  that,  consequently, 
the  pressure  upon  the  wedges  is  greater  than  that  on  the 
segments;  in  a  right-angled  wedge  this  dift'ercnce  is  as 
2  to  1,  but  the  wearing  is  in  no  such  proportion,  nor  is  there 
in  practice  any  perceptible  difference  at  all;  which  arises, 
we  conjecture,  from  the  following  cause.  The  cylinder 
being  of  cast-iron,  and  the  piston  of  a  much  softer  and 
easier  abraded  metal  (an  alloy  of  copper),  the  only  effect 
of  the  superior  pressure  of  the  wedges,  is  to  wear  them 
away  quicker  than  the  segments,  while  the  wearing  ofilie 
cylinder,  from  its  superior  hardness,  is  scarcely  perceptible. 
Ill  consequence  of  this  arrangement,  the  brass  piston  will 
always  conform  itself  to  the  circular  figure  of  the  cylinder, 
until  worn  out. 

In  France  and  in  America,  Barton^s  piston  is  known 
only  by  the  name  of  Brormie^s  piston,  owing  to  an  Ame- 
rican barrister  of  that  name  having  imported  and  patented 
it  there  as  his  own  invention:  it  is  not  only  extensively 
used  in  those  countries,  but  its  benefits  have  been  expe- 
rienced in  almost  every  part  of  the  world  where  the 
steam  engine  is  employed.  Notwithstanding  these  circum- 
stances, there  are  few  inventions  of  such  great  utility  that 
have  n.et  with  so  much  senseless  opposition.  To  avoid 
Barton's  patent-right,  many  absurd  modifications  of  his 
piston  have  been  made,  in  which  it  is  asserted,  in  contra- 
distinction to  Barton^s,  that  all  tendency  to  score  the 
cylinder  is  obviated.  We  purpose  describing  some  of 
these  modifications,  not  because  they  possess  the  least  in- 
trinsic merit,  but  because  they  have  emanated  from  men 
of  influence  or  talent,  whose  errors  ought  not  to  pass 
ncorrected ;  but  we  should  premise  that  description  by 
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nlnervin^,  that  Barton^H  claim  to  invention  conmU  in 
application  of  wedges  to  the  projection  of  the  aetjments  ihtl 
compose  the  periphery  of  the  piston,  wliich  wed3;e«,  ob 
account  of  their  moving  through  a  greater  space  than  iW 
seginentSy  it  is  asserted,  Hcore  the  cylinders.  How  tbcM 
pereous  get  over  this  assumed  diflirtilt),  the  reader  will 
obser\e.  The  first  we  shall  mcrition  la  the  moditicitiM 
of  Me^rs.  Ilall  und  Son,  who  are  extenflive  enfineerval 
Dartford.  The  annexed  dins^ram  shown  only  a  part  iif 
their  pi?ton,  the  remainder  of  the  circle  heing,  ofcour^,  > 
continuation  of  the  same  arrangement. 


a  a  are  metal  segments,  of  which  there  are  four  to  <w^ 
plete  the  circle ;  b  a  cylinder,  of  which  there  are  al*o  four, 
placed  between  the  segments;  thene  cylinders  are 
upon  by  spiral  BpringH,  which  project  and  preaa 
the  segments,  as  they  wear  away  by  friction  against  tW 
cylinder.  Upon  the  segments  separating,  they  leave  gaps 
or  open  clefts  between  them,  through  which  the  aUi— 
would  escape,  were  it  not  opposed  by  another  and  wmikr 
ftcries  of  segments,  whose  middle  parts  cover  th«  cMb 
between  the  other  series,  or  ^'  break-joint.**  TbecontCri^ 
lion  of  this  piston,  it  ia  argued,  does  not  invade  fl^rtos'i 
claim, — for  this  reason,  that  cylinderti  are  not  wnJ^w 
Now  we  submit,  that  the  geometrical  definition  of  a  w«lp 
has  nothing  to  do  with  the  subject;  and  that  whatever H 
employed  to  wtdge,^  and  doe&  wedge^  is  a  wedge  in  pmctiol 
mechanics,  as  well  as  in  common  sense.  Liord  Chief  J«^ 
lice  Tenterden,  however,  decided  the  revcme;  be  wouU 
nut  allow  a  jury  to  consider  the  point  at  all,  but 


TREDnoi.D  S  OBSBnVATIONS, 


441 


fiirton,  who  had  brought  an  action  against  Hall  for  an 
iarringement  of  his  pntpnl-ii^ht. 

The  disadvantage  of  employing  wedges  with  curved 
instead  of  straight  sides,  is  too  evident,  upon  inspection  of 
Ike  diagram,  to  need  explanation;  we  shall,  therefore, 
only  consider  the  point  as  respects  the  scoring  of  the 
;yliuder.  Admitting  the  argument  to  be  correct,  that 
he  increased  friction  of  certain  parts  of  the  circumference 
»eyond  that  of  the  others  will  have  the  effect  stated,  it 
dHows  that  Mr.  Hall's  will  make  ridges  in  (he  cylinder; 
[>r  where  the  gaps  bcforementioned  occur,  the  piston  is 
nly  half  as  thick  as  the  other  parts;  consequently,  the 
ecreased  friction  at  the  ^aps  will  wear  the  cylinder  less 
y  one  half  than  the  other  parts,  and  form  projecting  ridges. 

We  flhall  next  describe  a  piston  manufactured  by 
[esbrs.  Maudslay  and  Field,  known  by  the  name  of  the 
Xpanding  ring  piston,  because  this  will  enable  us  to 
^ctify  two  mistakes  made  by  Mr.  Tredgold,  in  his  excel- 
mt  treatise  on  the  Steam  Engine;  and  we  cannot  but 
!gret  that  so  eminent  a  writer  should  have  exposed  him- 
»lf  to  such  merited  animadversion^ 

Alludino;  to  Mr.  Barton's  invention,  Mr.  Tredgold 
13*8,  (Art.  470,)  '^  A  piston  of  this  kind,  and  a  true  cylin- 
Br,  has  been  hioivn  to  work  for  some  years  without  re* 
kctrtu^  any  other  attention  than  keeping  it  properly 
^€a$ed^  yet  it  is  easy  to  prove  that  the  wedges  and  seg- 
ments do  not  expand  equally;  hence,  in  this  state  it  was 
ot  applicable  to  high  pressures.*'  We  would  here  in- 
Uire,  what  signifies  this  petty  cavilling  about  what  the 
edges  and  segments  do,  provided  they  work  well  with- 
tit  attention  for  years?  And  the  assertion  that  the  pis- 
kfis  are  inapplicable  to  high  pressures,  because  of  the 
hequal  expansion  of  the  wedges  and  segments,  is  univer- 
^lly  known  to  be  the  very  reverse  of  the  fact.  We  could 
tention  twenty  instances  where  Barton's  pistons  have 
e«n  roost  successfully  applied  to  high  pressures  for 
'Veral  years  continuance;  but  we  will  state  only  one 
krt,  which  has  in  itself  the  force  of  a  host  in  disproving 
ir.  Tredgold's  assertion. 

10.  3l 
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In    lfci2il,    Mr.    Perkins    constructed    hw   high-prctiir* 

engine,  in  which  he  used  iiteani  of  from  800  to  1000 lis 
upon  the  inch.  The  piston  in  the  cxlinder  wtts  thedoobfr 
expanding  ring  kind,  as  represented  in  the  annexed  pi-r- 
wpectivc  sketch. • 


it  consists  of  two  concentric  rings  of  braw,  eilerml 
diameter  five  inches,  a  is  the  inner  ring^  to  whirk  » 
screwed,  from  the  inside,  a  bevelled  piece  of  brass  6,  titt' 
slides  and  tits  flush  with  the  outer  ring  r.  The  propor* 
lions  of  the  parts  being  accurately  drawn,  il  will  be  ob- 
vious, from  the  great  thickness  of  the  rings,  that  they  pos- 
sess hut  little  elasticity,  which  we  have  found  to  be  tb( 
case  on  trial.  The  identical  piston  described,  and  bo* 
lying  before  us,  came  out  of  the  cylinder  of  an  enpK 
manufactured  by  Maudalay  and  Co.,  in  which  it  wus  aAr^ 
wards  found  necessary  to  substitute  Darton*i»,  though  tW 
former  was  not  apparently  worn;  hut  another  pistois of 
precisely  the  same  construction,  was  made  by  Mr.  FS<U» 
for  Mr.  Perkins's  engine  before-mentioned.  It  was  fou»^ 


•  M'c  hire  Ixfeti  informed,  thftt  •  piston  exuctly  ef  Ikm  ttxad  ••• 
inv«iil.d  by  a  Mr.  Donkin.  at  FenMm-e.  in  Cornwall^  ia  ItU;  •* 
that  the  invpnlioii  wm  repeatedly  tried  in  Wheal  Vor  Mine,  ii*f  *'•■ 
r»l  years,  without  sufce»».  In  Isl8,  Mr.  Fil-M  iiitrodaced  ifca  "^ 
tiiv^nlion,  and  ha*  iiin««  applied  it  fo  kcvernl  cnjfinea  conatnM»«  ■? 
Ilia  firm  (Maudalay  and  Co.)  One  of  thc«f  pi»tufw  »c  h«T»  l«  ^ 
|K»r«raaiofi,  from  which  wc  made  llie  al>ove  iketch. 
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^poji  trial,  incapable  of  ^landing  a  day's  work,  uiid  it 
*cored  the  cylinder  so  much,  as  to  render  it  necessary  to 
"^\e  it  fresh  ground.  Barton  was  then  applied  to,  who 
'*>ade  a  piston  for  the  engine  that  acted  perfectly,  {without 
^akage, )  under  the  enormous  pressure  uieutioned,  for  a 
onsirierable  period,  as  was  certified  by  Mr.  l*erkin«  at 
'he  time.  Here,  therefore,  is  a  successful  application  of 
liarton's  piston,  under  a  pressure  of  about  lOOOlbs.  per 
iiich;  notwithstanding  which,  Mr.  Tred^old  has  staled  its 
*nap|)licabjlity  to  high  pressures,  which  are  usually  only 
Skbout  40  ll>s.  to  the  inch. 

In  the  next  page  to  that  last  quoted  (2^),  Mr.  Tied- 
Sold   says,    "but   by   combining   hardness  and   eJa^iticity, 
llarlon  has  done  much  to  render  these  pistons  tight  and 
viurabte;    they  still,   however,   chiefly   depend    upon   the 
^kill  of  the  workman;  when  they  are  done  well,  hy  a  per- 
son who  understands  them,  they  undoubtedly  answer  effec- 
iivelyV    This  observation  is  about  as  acute  as  to  say,  that 
^^  knives  are  not  Gt  for  cutting;   but,  when  they  are  well 
sharpened  by  an   experienced  cutler,  they  will  cut  efFc- 
tively.'*     The  inconsistency  of  Mr.  Tredgold  on  this  sud- 
Ject  is  quite  remarkable*     He  admits  that  these  pistons 
nre  ''tight  and   durable,"  that  they  "answer  efFeclively 
for  years,'*  even  without  looking  at;   yet,  in  the  teeth  of 
these   admissions,  which  arc   apparently  wrung  from  him 
by  facta   under   his  own   eyrs,  he  adds,  in   the  very  next 
line,  "  To  avoid  the  effect  which  the  unequal  expansion  of 
the   parts  of  Barton*s  piston   produces,  I    would   recom- 
mend the  construction  shown  by  fig.  7,  where  the  wedge- 
I'umied  pieces  do  not  extend  to  the  surface  of  the  cylinder; 
and  to  prevent  there  being  an  aperture  at  each  joint,  two 
series  of  sef^ments  and  wedges  should  be  uaed/'     We  do 
Dot  give  this  figure,  because  it  is  in  every  respect  the  same 
•4  HalTs,  except  that  he  employs  Barton's  wedges,  in  lieu 
Ckf  the  ridiculous  cylindrical  substitute  of  HalL 

We  have  now  to  inquire  wherein  the  advanlugcof  Mr. 
redgold's  modification   consists.     It  certainly  does  not 
\\e   in    the  simplicity.      Barton  ha<^   four  segments,  four 
"Vcdge^tj  one  spring^nine  parts;  Tredgold  has  eight  seg- 
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meiits,  eight  u edges, oi^ht  springs, eight  bol(8«"M  parts;  or 
nearly  quadruple  the  number  of  parts  to  fit  and  slide  oY«r 
one  another,  incurring  bo  much  more  labour  and  so  moek 
more  expense  to  effect  it,  and,  after  all,  so  many  mor«  lia- 
bilities to  derangement.      Then,  as  respects  the   UDJut 
itisinuation  of  Barton *s  pistons  scoring  the  cylinders,  bov 
does  Mr.  Tredgold  proceed  to  "avoid  the  eflecl"  he  meo* 
tions,  of  the  unequal  expansion?   Evidently,  by  prodocinff 
double  the  friction  upon  those  parts  of  the  piston  wktn 
the  thickness  is  doubled;  and,  consequently,  of  wrano| 
the  cylinder  into  eight  ridgesy  where  the  eight  sefmrali 
divide.     Instead  of  pointing  out  the  blunders  of  B«rtoa*« 
opponents,  the  roost  scientific  writer  on  (he  steam  engiM 
recommends  them  to  the  mechanical  world  as  bta  own  is- 
vrntion  and  improvement! 

If  Barton*s  pistons  did  in  reality  produce  the  effccb 
stated,  there  are  some  very  easy  ways  of  obviating  tb«% 
without  destroying  the  beautiful  simplicity  of  the  inrrth 
tor*s  combination.  One  of  them  is  to  make  the  wcdfH 
ns  obtuse  as  possible,  by  which  their  motion  would  bf 
brought  nearer  to  an  equality  with  the  projection  of  tW 
segments;  this  would  be  only  a  partial  remedy,  but  vt 
hiive  another  to  mention  that  is  more  complete.  It  is  to 
make  the  wedges  (if  rectangular)  of  such  a  metal  or  alloy 
as  would  l>e  abraded  by  the  cylinder  twice  as  fast  ai  tW 
metal  of  which  the  segments  arc  made.  These  retaediM 
for  the  protended  evil  may  be  employed  either  singly  or 
combined;  but,  we  dare  say,  that  they  have  long  siorc  oc- 
curred to  Mr.  Barton,  but  that  he  has  found  it  unni  nwiry 
tn  resort  to  (liem  in  practice. 

In  1891,Mr.  E.B.Symes,  of  Lincoln*8  Inn,(uok  oul8f*> 
tent  tor  an  expanding  hydrostatic  piston,  thespecificatioi 
of  which  includes  the  description  of  several  modificationt. 
Those  only  which  can  be  considered  ns  at  all  applicable 
to  steam  engines,  may  be  described  without  the  aid  of  ex* 
plaoatory  diagrams.  In  one  of  them,  the  pi<tton  concur 
of  two  plates  of  metal  boiled  together,  so  as  to  leave  a 
cavity  between  them;  lite  plntes  spread  out  wider  apart 
at  Iheir  peripheries,  round  which  is  securely  fastenctli  M 


PF.nKtNH  B   MUTACMC   PISTON. 


445 


^^e  top  and  bottom  plates,  a  i^trong  hempen  band,  painted 
^n   tbe  inside,  and  of  a  texture  and   flexibility  tsiniilar  to 
'be  hose  of  fire  engines.    The  upper  plate  has  an  aper- 
ture uith   a  screwed  cap,  through  uhich  the  lubricating 
l^uid  is  introduced,  so  as  to  till  up  the  apace  when  the  cap 
'^  screwed  down  to  confine  it.     The  two  plates  being  now 
^rawn  together  by  screws,  the  packing  will  be  bulged  out 
^t  the  bides,  and  preits  against  the  surface  of  the  cylinder, 
^^liich  will   be  lubricated  by  the  grease  oozing  through, 
^^be  pressure  of  the  steam  will  likewise  cause  the  plates 
^o  collapse,  and  produce  a  similar  effect. 

Another  modification  consists  in  a  cast-iron  piston,  with 
^  hoUow  piston  rod,  through  which  (be  fluid  is  intro- 
<luced  from  a  reservoir  at  the  upper  end,  and  communi- 
cates with  a  large  groove  made  round  the  periphery  of 
%1ie  piston,  which  is  inclosed  by  a  covering  of  canvas  as  be- 
fforementioned,  through  which  the  grease  finds  its  way  to 
l.ubricate  the  cylinder.  We  have  never  met  with  the 
application  of  these  pistons  to  an  engine,  and  we  much 
^oubt  their  capability  to  sustain  even  the  work  of  a  low- 
pressure  engine,  without  some  additional  packing. 

In  1822,  Mr.  Jacob  Perkins  included  in  the  specifica- 
tion of  a  patent,  a  description  of  an  expanding  metallic 
piston,  which  he  applied  to  an  engine  of  his  own;  it  did 
not,  we  understand,  answer  his  expectations;  but  as  the 
combinations  of  such  a  mechanician  as  Mr.  Perkins  will 
probably  interest  the  reader,  we  shall  introduce  a  descrip- 
tion of  it  from  the  Register  of  Arts,  (vol.  iii.  page  170, 
-  Fii'st  Series.) 

The  specification  of  the  puteiU  states  this  to  be  a  new 
arrangcMuenl  of  rings  for  metallic  stuffing,  and  to  consist 
in  keeping  the  expanding  optMiingof  a  flexible  ring  sleam- 
Ught,  by  means  of  eccentric  and  non-expanding  rings. 

The  annexed  figures  show  (he  arrangement  of  all  the 
parts  of  th<:  contrivance. 

In  the  elevation  (marked  Cle),  /z  is  a  flexible  expanding 
**ing,  and  6  c  two  inflexible  non-expanding  rings.  The 
Adjoining  figure  (marked  Sec.)  gives  a  vertical  section  ot 
Xhe  whole  of  the  piston.    The  figure  a  is  a  plan  of  tbe 
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flexible  expanding  rin<^,  Bhown  in   the  elevation  and 
tion;  and  the  tigurc  6  c  gives  also  a  plan  of  the  two  ii 
flexible  rin^  marked  6  c  in  the  elevation  and  aecliou. 

In  the  plan  a  of  the  flexible  ring  an  opening  is  shoivi 
and  to  prevent  the  escape  of  steam  at  this  opening,  tl 
two  inflexible  rings  b  c  arc  placed  one  on  each  dde.  Ii 
the  latter,  it  will  be  observed,  there  is  a  notch,  in  whti 
u  guide  pin  is  lixed,  and  that  there  are  two  heliacal  spru 
which  press  the  tide  of  the  ring  to  which  they  are  alUchc^c^ 
eccentrically  from  the  piston.  When  these  two  rings  ar^^e 
litted  on  to  the  piston,  the  opening  in  the  broad  flexible 
ring  a,  should  be  placed  on  the  opposite  side  to  that  it 
which  the  notches  in  the  inflexible  rings  are  plac^.  B^ 
this  arrangement,  when  the  piston  is  put  into  the  cvlindrs-, 
these  two  eccentric  rings  b  and  c,  will  press  against  tlunC 
part  of  the  cylinder  immediately  above  and  below  i^m 
opening  in  the  elastic  ring  a,  and  will  thereby  supply  tb* 
deficiency  occasioned  in  the  piston  by  such  opening  in  Ib^ 
elastic  ring. 

In  1823,  Mr.  Jessop,  of  Butterby  Hall,   near  Dtrbj^ 
patented  an  expanding  metallic  piston,  which   has  aoose 
fair  claims  to  notice,  as  it  may  probably,  under  »ome  flight 
modifications,  be  rendered  a  very  ethcient  instrument,  * 
description   of   this  piston  has    been  gi^en   in  a  fortorr 
part  of  this  work,  page  270. 

Expanding  metallic  pistons  have  likewise  been  applied (• 
rotary  engines,  in  which  cases  they  are  usually  rectangular. 
Suiiie  account  of  these  will  be  found  under  their  re^pcK* 
tive  engini^;  the  very  limited  use  of  these  does  not,  bo«' 
ever,  render  it  desirable  to  extend  our  observatioot  npos 
the  Hubject. 

i*uralid  Motion^ — We  shall  now  proceed   to  d«icnb 
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various  methods  by  which  the  piston  rod  is  made  to  move 

in  a  right  line,  whilst  the  end  of  the  beam  M'ith  which  it  is 

connected  describes  an  arc  of  a  circle.     The  first  plan 

or  BoltoB  and  Watt  was  to  place  a  toothed  sector  on  the 

end  of  the  beam,  the  leng^th  of  the  radius  being  equal  to 

tlie  distance  between  the  axis  of  the  beam,  and  a  vertical 

line  through  the  centre  of  the  piston  rod;  on  the  upper 

p^rt  of  the  piston  rod  was  placed  a  rack,  which  acted  upon 

tlKe  sector,  and  forming  a  tangent  to  it,  preserved  a  recti- 

1  i  viear  motion  of  the  piston  rod  throughout  the  stroke. 

A  much  superior  method  was  afterwards  devised  of 
^fleeting  the  same  thing,  by  an  arrangement  of  rods  mov- 
mogin  circular  arcs;  the  principle  is  simply  this: — If  a  bar 
\>^  so  confined  by  other  bars,  that  the  motion  of  the  en(f  a 
in  a  right  line,  causes  the  other  end  6,  to  describe  a  certain 
<^«inre,  then,  on  the  other  hand,  the  motion  of  b  in  the 
carve  will  cause  a  to  describe  a  right  line. 


To  apply  this  to  the  caae  before  us,  ei  a  b  c  roprcsciit 

^^e  beam  of  an  engine  at  the  highest  point  of  the  stroke, 

^^d  its  position  at  the  middle  of  the  stroke,  and  a  f  its 

^  owest  position,     c  g  and  b  h  are  two  side  rods  suspoiiHin^ 

'^hc  bar  g  A,  parallel  io  a  b  c;  g  k  I  a  right  lino,  in  which 

^he  bar  at  g  moves  in  a  groove;  then,  when  the  end  of  the 
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beam  c  is  at  d,  the  end  g  of  the  bar  g  h  will  be  at  kj  and 
as  ^  A  is  parallel  to  a  d,  the  o(her  end  h  of  the  bar  y  k 
will  be  at  in,  and  when  c  arrives  at/,  ^  will  be  at  /,  and  k 
at  n;  the  point  A,  therefore,  will  have  described  a  curve, 
passing  through  the  points  h  mn,  whilst  the  piston  moving 
in  a  right  line,  passed  through  the  points  g  k  I;  if,  there- 
fore, the  groove  in  which  the  head  of  the  piston  rod 
moved  be  taken  away,  and  the  end  h  of  the  bar  g  hbe 
jointed  to  a  radius  bar  describing  a  circular  arc  passing 
hrough  the  points  A  m  n,  then  the  end  g  of  g  h,  to  which 
the  piston  rod  is  attached,  will  move  through  the  points 
g  k  i^  and  the  whole  path  of  the  piston  rod  will  dilfer  very 
little  from  a  ri*i;ht  line.  The  small  deviation  from  a  right 
line  arises  from  the  circumstance  that  the  curve  described 
by  the  end  hy  h  not  exactly  a  circular  arc,  when  g  moves 
in  a  strictly  right  line. 

To  find  the  length  and  centre  of  motion  of  the  radius 
bar,  with  any  distance  in  the  compasses,  and  on  the  points 
h  m  w,  describe  arcs  intersecting  each  other;  and  through 
the  points  of  intersection  draw  lines  cutting  in  o;  then 
o  n  will  be  the  length  of  the  radius  bar,  and  o  its  centre 
of  motion. 

The  Steam-boat  Engine  Parallel  Motion  in  general  use 
is  represented  by  the  annexed  cut.  The  length  of  the 
radius  bar,  and  the  centre  of  motion,  may  easily  be  found^ 
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■  asioUie  fornier  case,  by  supposing  (be  piston  rod  to  move 

■  it)  I  right  line,  unci  tindin^  llirec  points,  ihroug^h  uhich  a 
I  poJul  in  (lie  side  rod  (assumed  ut  ploa:surc-,)  would  pass  iu 
I  (he  highest,  lowest,  and  middle  pot^iliou  of  the  pt^iton  rod ; 

iha\  a  circle,  wliicli  paiscie:!  through  these  points,  will  give 
'be  radius  and  centre  sought,  and  the  point  assumed  in 
I  be  side  bar  will   be  the  point  for  its  connexion  with  the 
radius  bar. 

a  b  c  part  of  tlie  beam,  r  g  and  b  h  side  rods,  g  the  point 
of  junction  of  the  piuton  to  the  side  rod  c  g,  and  m  o  the 
radiuti  bur. 

In  portable  engines  without  a  beam,  the  cro.^j  on  thi^ 
bead  of  the  piMon  rod  has  usually  on  its  ends  friction 
wlirels  running  between  guides,  but  we  prefer  the  parallel 
ruotion  introduced  in  Lloyd^s  portable  engine,  described 
licreafter,  as  it  affords  a  con\enient  method  of  working 
the  air-pump  and  cold-water  pump.  The  principle  of  the 
parallel  motion  in  this  engine  ivill  be  under»tood  by  refe* 
retxct  to  the  following  diagram. 

I 

I  ab  c  represent  a  bar  corresponding  to  half  the  beam  of 

"  ^t\  engine;  c  k  f  the  path  of  the  piston  rod,  and  b  k  the 
^'Qdios  rod:  now  the  radius  rod,  and  the  two  portions  of 
*^he  beam  a  b  and  b  r,  being  respectively  equal,  if  a  move 
^*)  a  rifcht  line  towards  g^  c  will  move  in  the  line  c  k,  and 
*f*  a  be  connected  to  a  rocking  bar  a  «,  which  from  its 
length,  or  its  smiall  angular  motion,  describes  an  arc  g  <u 
<Jiffering  but  little  from  a  right  line;  and  a  side-bar  or 
20.  ^  M 
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strap  b  hy  and  the  purullel  bar  h  e  being  uddcd,  th«  eei 
of  6  A,  will  be  the  point  uf  suitpension  for  tbe  rod  of  tb« 
air-pump,  and  the  rod  uf  the  cold-water  pump  may  be 
pended  from  the  parallel  bar  h  e. 

Condenser. — The  condenser  is  n  close  vessel  surrounded 
by  water,  and  comnuinicating  with  the  c>litidvr  b>  lU 
eduction  pipe.  A  small  pipe  rises  a  little  wa\  in  ikpri>n- 
denser,  and  is  terminated  by  a  nozzle  pierced  full  or«iu.ill 
holes.  The  water  from  the  ci^^tcrn  in  which  tbe  con- 
denser is  placed,  flows  through  this  pipe,  and  foriu^  ftj«t 
within  the  condenser,  and  thus  exposes  a  large  surface U 
cold  fluid  to  the  steam  entering  from  the  cylinder,  tW 
greater  part  of  which  is  thereby  instantly  reduced  (o 
water,  and  a  partial  vacuum  formed  at  the  same  timr  io 
the  cylinder.  The  greater  the  quantity  of  tbe  injeciiDtt 
water,  and  the  lower  its  temperature,  the  more  perffft 
will  be  the  vacuum,  and  the  power  of  the  engine  will  ^ 
proportionahly  increased;  but  the  mo^t  eligible  qunntit* 
of  injection  water  will  depend  upon  the  facility  «ttk 
which  it  may  be  procured,  u^  more  power  mi»:ht  be  rt- 
pended  in  raising  a  large  quantity,  than  the  iuipro«rtJ 
vacuum  would  compensate  for.  If  the  condensalioa  of 
the  steam  should  raise  tbe  condensing  water  tu  1^0*  Fa^ 
renheit,  the  preHsure  of  tbe  condensed  steam  and  air  ib 
the  condenser  will  be  equal  to  3.7  inches  of  mercury  ;  ni 
the  steam  in  the  boiler  being  at  the  temperature  of  2(0' 
Fahrenheit,  and  the  water  in  the  cold  water  cistern  at  ifl'i 
tbe  injection  water  required  will  amount  to  Vrth  part  of 
tbe  cubic  contents  of  the  cylinder  at  each  stroke. 

Air^Pump. — In  tbe  conversion  of  water  into  stna, 
a  quantity  of  air  which  bad  been  previously  combiar^ 
with  it  is  liberated,  which,  on  the  condensation  of  tW 
steam,  remains  a  permanent  gas  ;  if  this  gas  were  allovf^ 
to  accumulate,  its  pressure  would  soon  atop  the  eng iar.  A 
pump,  therefore,  becomes  a  necessary  appendage,  lo  ri- 
haust  the  air  aa  fast  as  it  is  liberated  by  the  steam;  i^ 
action  of  which  disengages  a  further  portion  of  air  from 
the  injection  water,  which  water  mu««t  Itkewiae  be  «it^ 
drawn  from  the   condenser,    uod   as  the  atr-puni|i  niit> 
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^tfiauHts  on  (he  risir  g  stroke  of  the  engine,  It  must  be  of 
e^aiBcient  size  (o  draw  off  all   the  air  given   out  at  two 
strokes  of  the  engine,  and  (he  water  required  for  conden- 
sation.    This  will  require  the  air-pump  to  be  nbout  Jlh 
of  the  capacity  of  (he  steam  cylinder,  or  half  the  diameter 
and  half  the  length  of  the  cylinder. 

The  condenser  was  the  6rst  of  Wattes  grand  improve- 
(Dent«  on  the  steam  engine  ;  by  means  of  it,  the  cylinder 
is  maintained  at  nearly  the  temperature  of  the  steam,  and 
a  more  perfect  and  speedy  condensation  is  effected ;  but 
all  these  advantages  are  obtained  simply  by  the  steam 
be-ing  condensed  out  of  the  cylinder.  Some  engineers  are 
of  opinion,  that  an  inlcrmediate  vessel  between  the  cylin- 
der and  air-pump  renders  a  larger  air-pump  necessary, 
CSi-e  Mr.  Bramah's  letter  to  Chief  Justice  Eyre,  page  93). 
Air.  Tredgold  says,  that  if  the  steatn  could  be  condensed 
*n  ihe  body  of  the  iiir-pump,  a  pump  of  half  the  capacity 
■''^ould  be  sufficient,  and  he  gives  a  drawing  of  a  single^ 
^<^iing  engine  without  a  condenser;  but  a  double-acting 
*^'^5'ine  would,  in  our  opinion,  require  two  air-pumps,  or 
**  least  a  double-action  pump,  to  equalise  the  condensa- 
'■on  at  each  stroke. 

On  account  of  the   power  necessary  to  work   the  air- 

'^^'^ip,  it  has  many  limes  been  purposed  to  effect  the  con- 

^*^Usation  of  the  steam,  not  by  contact  with  cold  water, 

.    '^l  by  exposing  it   to  a  large  surface  of  metal  immersed 

*^   vater;  and  if  by  tins  means  a  suflicientW  rapid  conden- 

^tion    could   be  effected,   the   air-pump   would   only   be 

^cessary  for  a    few   strokes  at   starting   the    engine,  and 

^^*ght  afterwards  be  detached  from  The  beam. 

]VIr.   Cartwright,   in    1791,   look    out   a    patent    for   au 

•*giiie,  in  which   the  steam  was  condensed   on   this  prin- 

^*  |>le  (see  page  74),  and  an  engine  of  this  kind  was  con- 

^ructed.  and  it   is  said  to  have  given   great  satisfaction  to 

*^e   proprietors;  but  from  its  not  having   been   adoptea 

^^nerally,  we  are  inclined  to  doubt  the  truth  of  the  atate- 

*^Xent. 

Mr.  Brunei  likewise  had  a  patent,  in  1822,  for  the  same 
^^^j"ct;  Ills  conden&er  consisted  of  several  clusters  of  small 
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tubes  surrounded  by  cold  water.  This  invention  wn 
intended  chiefl)  foi  engines  for  steam  vesseU,  and  err* 
tttinly,  in  no  case  is  it  more  desirable  to  condeu«c  tk* 
steam  without  bringing;  it  in  contact  i»itb  the  couliitg 
fluid;  as,  by  this  means,  steam  vessels  might  use  frvvh 
water  instead  of  sea  water  in  the  boilers,  which  would  k 
prodoctive  of  great  economy,  both  in  re^tpect  to  tbe  tm- 
sumption  of  fuel  and  the  greater  durability  of  the  boUan, 
which  are  rapidly  destroyed  by  the  salt  water.  We  arviul 
aware  that  the  plau  has  been  tried  on  board  of  aoy  vowl, 
but,  fVom  the  facility  with  which  the  water  for  condcMi 
tion  can  be  procured^  we  are  disposed  to  think  that  tutttm 
is  attainable. 

The  size  of  the  p?irop  for  f^npplytng  ibe  Uijectioo  walar 
must  depend  on  the  facility  with  which  the  water  caabr 
procured.  To  condense  the  steam  to  the  temperature  of 
120*^  Fahrenheit,  will  require  about  20  times  the  quanlitf 
of  water  of  which  the  steam  is  formed,  or  k'jth  part  oftW 
cubic  contentit  of  the  cylinder;  and  u^  the  pump  makevJHit 
one  stroke  to  a  double  stroke  of  the  piAton,  its  captcil; 
should  be  equal  to  ^'id  part  of  th*'  cylinder. 

The  iRJection  water,  having  its  tetnperature  considvrfr* 
bly  raiiiod  h)  (he  condensed  steam,  U  ptnnped  into  the  hot 
well  by  the  air-pump,  and  from  this  well  the  bnilcr  • 
supplied  with  (he  water  that  !•*  requisite  by  the  hot'WH^ 
pomp.  This  pump  must  furnish,  at  each  stroke,  as  nock 
water  ir>  is  requisite  for  steam,  during  a  double  stroke  of 
the  piston,  besides  an  allowance  for  lofH  by  (he  ^flb«. 
leakage,  &c.  A<  steam  occupies  about  170f)  lime*  its  buU 
of  water,  the  hot-water  pump  should  furnish  if^itlh  ftort» 
of  the  contents  of  the  cylinder,  or,  nllovving  for  ««i«ir* 
should  be  TjSnth  of  the  capncity  of  the  cylinder. 

Suppfy  of  Water  to  the  Holler. — The  manner  of  refi^ 
tating  the  «iupply  of  water  to  the  boiler  is  given  in  iW 
rhapter  upon  boilera,  where  a  variety  of  nietboda are et* 
plained. 

Safety  Valves  being  an  appendage  to  the  boiler,  air 
also  described  under  the  henil  of  boilers. 

OiMremor. —  It  han  Hlmul)  been  mentioned,  io  otrr  dr* 
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seriptioii  of  the  throttle  valve,  (bat,  in  order  that  the 
engine  may  in  a  certain  decree  he  a  self-reyulatiiiiy  mn- 
thine,  the  throttle  valve  is  usually  regulated  by  "  a  go- 
|»emor,"  connected  with  the  fly-uheeL  When  the  supply 
of  steam  exceeds  in  quantity  that  requisite  fur  the  work, 
the  increased  velocity  of  the  fly-wheel  causes  the  governor 
bartially  to  cIoac  the  throttle  valve,  and  thereby  diminish 
the  supply  of  steam  to  the  cylinder. 

The  arruii^ineiit  of  the  parts  of  a  governor  may  be  a 
good  deal  varied,  but  the  principle  is  the  same  in  all,  viz, 
the  increasing  or  decreasing  of  the  centrifugal  force  of 
two  heavy  ball<;,  which,  being  set  in  motion  by  the  revo* 
ilutlun  of  the  fly-wheel,  operate,  through  the  medium  ot  a 
I  Icrcr,  upon  the  throttle  valve.  The  annexed  figure  re- 
presents a  governor  used  in  an  engiue  of  Pentom,  Murray 
ind  Wood,  of  Leeds. 


fl  is  an  upright  spindle  revolving  in  a  step,  and  set  in 
motion  by  the  fly-wheel  acting  on  the  bevelled  wheel  6, 
*«roua[h  an  intermediate  train  of  wheels;  c  c  are  two 
heavy  balls  suspended  by  jointed  arms  to  the  upright 
'*p*Ddlealrf;  e  e  are  two  short  bars,  connecting  the  arms 
**>  •  collar,  which  slides  upon  the  lower  end  of  the  spin- 
^'^;  to  this  collar  are  jointed  two  vertical  rods  fone  only 
*^obeseen),  which  support  another  sliding  collar  at  the 
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Upper  end  of  the  upright  spludle,  above  the  poiDl  of  f» 
penRion  c/.  In  the  upper  collar  is  turned  a  ^oove,  whkh 
receives  a  forked  lever/,  that  is  connected  by  other  l«f«i 
to  the  throttle  valve.  As  the  velocity  of  the  fly-whed 
increases,  (he  centrifugal  force  causes  the  balls  to  retoht 
further  apart;  in  doing  this,  their  elevation  is  increase^ 
which  raises  the  lower  collar,  and  the  lower  collar  byiti 
vertical  rod  raises  the  upper  collar,  which,  by  lOMMff 
the  lever  /,  acts  upon  the  throttle  valve,  as  tteforemn* 
tioncd. 

field^s  regulaiins^  Valve  is  a  contrivance  introduced  b^ 
Mr.  Joshua  F'ield,  (of  the  firm  of  Maudsluy  and  Co.);  it* 
object  is  to  regulate  the  supply  of  the  steam  to  the  cylindeff 
in  a  superior  manner  to  the  throttle  valve.  We  have  ncift 
seen  this  invention  applied,  but  Mr.  Tredgold  sap  (kst 
'^it  consists  of  a  valve  placed  in  the  situation  osmU) 
assigned  to  the  throttle  valve,  that  is,  near  to  the  piMt 
where  the  steam  is  adinitled  to  the  cylinder,  Thi«  rdvff 
is  to  be  opened  nt  once,  at  the  commencement  of  the  »trolui| 
80  as  to  afford  full  pai^sagc  to  the  steam,  and  shut  at  OMCj 
aAer  a  certain  part  of  the  stroke  is  made,  that  ther«itofil 
may  becompleted  by  the  power  of  the  steam.  Thismaybt 
done  by  causing  the  vulve  to  open  by  a  tooth,  or  cam,  oai 
cylinder,  on  one  of  the  revolving  shat*ls  formed  to  raifr  ik 
valve,  and  keep  it  open  till  the  shaft  has  made  part  oftt» 
revolution,  and  then  shut  it.  If  the  toothed  cylimlerbt 
made  to  slide  on  the  nhaft,  and  (he  form  of  the  lootfchr 
such,  that  as  the  cylinder  is  moved  in  one  directioatW 
valve  will  shut  sooner,  and  in  (he  other  direction  Ulff» 
there  is  then  the  means  of  resrulating  the  power  of  lh««l* 
gine.  This  may  be  done  either  by  band,  or  by  caMfT 
the  cylinder  having  the  tooth  to  slidi*  by  the  goveroor**^ 

Perkins'i  ret^uiatitig  Va/re,— Forcutting  off  ihesteafliA 
any  part  of  the  stroke,  is  described  hereafter,  with  theK- 
count  of  his  expansive  engine. 

Fly'Wheei. — The  principk-s  of  the  fly-wheel  have  alrfa^ 
been  so  fully  explained  (at  pages  G5  to  (W,)  that  wefUl* 
here  give  only  the  following  simple  rule  for  tac^rttioiMg 
the  weight,  extracted  from  liruntonN  Compendium.       ^Jk 


Square    420| 


)i0000f90.4  cvvt.  weight  of  wheel. 


As  the  most  disastrous  consequences  might  result  from 
the  breakinj^  of  such  a  heavy  mass  &■*  the  fly-wheel, 
when  moving  with  great  velority,  and  several  fata!  acci- 
dents having  actually  occurred,  we  think  that  for  all  engines, 
above  10  horses  pawer,  the  fly-wheel  ought  to  be  composed 
Mlirely  of  wrought-iron,  its  force  to  resist  tension  being 
50  much  superior  to  cast-iron.     , 

Calculating  the  power  of  Engines, — Having  described  in 
detailihe  principal  constituent:)orthesteain  engiue^vvcshaU 
proceed  to  give  the  rules  for  calculating  the  power  from 
iti  dimensions,  and  for  determining  the  dimensions  proper 
fftran  engine  of  a  desired  power.  These  rules  we  Hhall 
«e*ecl  principally  from  Mr.  Tredgold's  excellent  treatise 
on  (he  Steam  Engine,  referringsuchof  our  readers  as  arc  de- 
sirous of  examining  the  foundation'}  of  the  rules  to  the  work 
'Mf^  in  which  they  will  find  a  minute  and  philosophical 
investigation  of  the  eft'ect  of  every  circumstance  by  which 
^oe  power  of  the  engine  is  afTected.  The  first  point  tu  be 
•sccrtained  is  the  amount  of  the  effective  pressure  upon 
'»*e  piston.  The  wliole  force  of  the  steam  in  the  boiler, 
**  not  effective  in  raising  ihe  load,  various  deductions  being 
"^^cessary  for  loss  by  condensation,  leakage,  friction,  &c. 
-■^he  loss  from  these  causes,  in  an  engine  having  no  con* 
^nser,  is  estimated  as  follows: 


45^  cAT^rrr.ATiNG  powek. 

The  preaaure  nii  the  tioilvr  hHiig tMW 

I,  The    force  iicce.^sary    f«r    prodiiring  motion  of 

tlie  fttrniii  itt  tlir  cylitxler HOn 

%.  By  rooliiiie  in  lliv  lylitnliTUid  pipes    '0140 

fl.  Frii'liuii  of  piMtuii  Kiid  wiute    ........■•••...•        fOiO 

-4.  Tiic  furc?  requirrtJ  tu  exptil  lli«  hU^m  Ulo  Ifa* 

ntmo!»|ilier<r iXMS 

6.  Tliv  furce  ex|)«iitled  in  opening  llic  valvu^  anil 

fViction  of  the  parU  of  an  ni^ine "Ottt 

6.  By   the  Kteam  bciug  cut  off  bcforv  the  end  of 

the  stroke luilU 

Amount  of  dcductioit*  ■^~_?? 

Eflrvtire  prvnnrv. .  • .  fan 

nearly  TSthaofthc  whole  prensure  oftheHteDmin  the  boiler; 
and  if  we  dcduci,  from  thr  rrinainiti^i;  At'is  ^^^  amount  of 
the  prcitstirc  of  the  atmosphere,  tlip  result  will  be  (he  eflK- 
tive  presiiure,  when  the  engine  is  not  worbini;  by  rxpannot. 

Example.  —  If  the  pre<4siire  in  the  boiler  be  equal  Co  1 10 
inches  of  mercury,  and  the  pressure  of  the  atmospbrnrSO 
inchest,  the  cffcctiye  pressure  will  be  y'athg  of  I'^OhmTS  lei 
30^»42  inches. 

In  a  condensing  engine  the  lo^  is  estimated  anfoHoir*;— 

The  pf¥*Bare  on  the  boiler  belirg Ittff 

t.  By  the  force  requir«fd  to  produce  motion  of  (he  »1cud 

into  tite  cyliridrr ,       0(P| 

tt.  By  theroohiifE  in  tliu  oylindtr  and  pipes 014> 

9.  By  the  friction  of  the  pistoD  and  lots    LtA, 

4,  By  the  force  required  to  expel  the  itvam  through 

the  paHageB    Qfff 

ft.  By  the  fbrce  required  to  open  and  close  th«  ralves 

rr.iseth?  injection  water,  andover(*oiiteth«rArir1lo« 

of  the  axoa    C 

6.  By IhetiteiimbeiugcutofflK'fore  the«udof Iheslroka      lOI* 
T.  By  the  powtir  required  to  work  the  air>pump OU 


The  pressure  of  stteam on  the  boiler  is  generally  35  iftchfl 
of  mercury,  for  condensing  cnginiN^  and  the  pre«iiiffv<f 
the  nncondrnsed  bteam  is  3.7  inches:  the  dilTcrcoce  b^ 
tWfen  the  two  pressures  is  31.3  inches,  which,  molUplieA 
^7  6^>  gives  18.i2  incbcsaa?.!  lbs.  circular  inch,  aa  iba 
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efffctive  pressure  upon  the  piston,  when  the  engine  does 
not  work  expansively. 

U'orkhig  by  expansion. —  But  it  is  found  advantno^eous  to 
Hork  by  the  expansion  of  the  steam  ;  that  in^  to  cut  off  the 
sleani  at  m  given  portion  of  the  stroke,  and  allow  the  re- 
mainder of  the  stroke  to  be  effected  by  the  expansion  of 
the  steam;  by  which  means,  all  the  power  obtained  by  the 
expansion  of  the  steam  is  gained,  and  this,  in  high-pressure 
engiucs,  is  considerable.  The  following  popular  illustra- 
tion of  this  subject,  by  Mr.  Perkins,  is  extracted  from  the 
Register  of  Arts,  and  Journal  of  Patent  Inventions, 
(Tol.  i.  N.  S.  page  75.) 

^^The  diagram,  figs.  1  and  2,  will  shew  the  economy  of 
wing  steam  expansively,  and  also  the  method  of  compen- 
tatin;;  for  the  inequality  of  the  pressure  on  the  piston, 
vliich  if  steam  of  4001bs.  to  the  square  inch  be  used,  and 
«lopped  off  at  the  quarter  stroke,  will  end  its  stroke  at 
too  lbs.  per  inch.  The  diagram  will  also  show  that  the 
motion  of  the  piston  is  constantly  varying,  while  that  of 
the  crank  is  uniform  in  its  motion.* 


(FIG.  i^ 


•  Thif  tliHgram   doe»  not  pretcrK)  to  mfithcmalical  nciurary;   th« 
object  1%  merely  to  explain  to  the  practicHi  iMeL-hanic,  in  a  ftufficiently 
cf ear  and  roncise  nianner,  the  principle  of  the  advanta^  gained  bf 
«oUii<  Atejtm  ezpantively 
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''  FVom  repeated  experimenta,  and  much  reflect! 
led  to  believe  that  there  is  great  economy  in  ub 
hig^h  steam,  and  that  expansively;  that  the  higher 
practically  use  the  steam,  the  sooner  you  may  cii 
The  diagram  shews  the  gain  in  cutting  off  the  stea 
quarter  stroke.  Let  the  piston,  which  is  rep 
the  line  k^  1  a,  descend  to  i  h,  being  one  quartei 
stroke,  with  a  constant  pressure  of  400 lbs.  persqu 
At  this  point  let  the  steam  be  cut  off*,  and  expand  to 
its  volume;  when  it  arrives  at  h  c,  it  will  be  ex 
pressure  of  2(ji01bs.  per  inch,  producing  a  mean  of 
per  inch,  through  the  quarter  stroke.  Let  tb 
again  expand  to  double  its  volume,  and  the  pisi 
finish  its  stroke  at/e,  at  100  Ib^.  per  inch,  giving 
of  150  pounds  per  inch  for  each  quarter,  which 
the  other  two  quarters,  400,  300,  150,  150,  and  th 
sum  wilt  be  1000,*  giving  an  average  pressure  of 
square  inch.  It  will  be  seen  that,  when  the  strok* 
pleted,  the  cylinder  will  be  tilled  with  steam  al  a 
of  100  lbs.  per  inch,  which  will  be  the  same  in  qw 
though  the  steam  had  begun  with  a  pressure  of  100 
inch,  and  continued  all  the  stroke  at  that  prenui 
using  the  same  quantity  of  steam  expansively,  b 
at  400  lbs.  there  is  a  gain  of  150  per  cent.  If  t 
be  used  at  600  lbs.  per  inch,  and  cut  offat  one*eight 


*  Iftlie  iteam  hadconCiuued  the  whole  length  of  tli<;«Uvk« 
firr  »<{uiire  inch,  the  turn   would  hare   l>een  I60ult>«.  i 
liiw>»  the  iteom,  with  tht  atldilion  ftf  uiily  60  per  ctfnt  tolbs 
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stroke,  225  per  cent,  will  be  the  gain.  To  compensate 
for  the  unequal  pressure  of  the  steam  upon  the  piston,  two 
c)JJiider5  should  be  use<i,  particularly  for  steam  boats  and 
pumping,  where  the  fly  should  be  dispensed  with.  With 
the  followinsf  arrangement,  it  will  be  seen,  while  one  of 
the  pistons  is  at  its  greatest  power^  the  other  is  acting 
H'itb  a  diminished  power. 

^^The  piston  1,  fig.  1,  in  descending  from  a  to  fr,  moves, 
'Ji  the  same  time,  through  half  the  space  through  which 
the  crank  moves,  as  will  be  seen  by  its  path  from  1  to  3. 
A  force  of  400lh3.  is  exerted  on  the  square  inch,  (that 
being  the  pressure  of  the  steam,)  in  the  first  quarter  of  the 
stroke;  at  this  point  the  steam  is  cutoff,  leaving  the  other 
three-fourths  of  the  stroke  to  act  ejipansively.  The  piston 
1,  fig.  2,  having  completed  half  its  stroke,  when  piston  1, 
fig.  I,  begins  its  stroke,  and  consequently  a  compensation 
Bear  enough  for  all  practical  purposes  takes  place. 

"  It  will  be  seen,  that  while  the  piston  ] ,  fig.  1,  has  per- 
formed one*fourth  its  stroke,  that  the  piston  1,  Rg^  ^,  has 
moved  from  c  to  6,  performing  seven-sixteenths  of  its  stroke 
in  the  same  time.  The  mean  in  each  quarter,  from  c  to  e, 
fif^.  2,  being  150  lbs.  the  amount  of  pressure  to  be  added  to 
the  first  quarter  of  the  stroke  of  the  piston,  fig.  1,  (which 
was 400 lbs.)  is2751bs.,  producing  an  available  power  of 
^51bs.  at  this  part  of  (he  stroke.  The  piston,  fig.  2,  now 
Moves  but  two-sixteenths  of  its  stroke  from  6  to  e,  and  / 
^ob,  while  the  crank  moves  through  two  of  its  divisions, 
fromG  toS,  which  would,  in  another  part  of  its  path^  move 
*^ilhin  a  fraction)  with  the  same  velocity  as  the  piston, 
"he  piston,  Hg.  2,  in  moving  from  6  to  e,  gives  a  power  of 
^\\>H,  being  the  last  of  the  expansion  which  ends  at  lOOIbs. 
^  inch.  The  piston,  fig.  ^,  in  moving  from /to  8,  being 
^  begt^iningofthe  stroke,  gives  a  power  of  lCH}lbs.;  thus 
power  of  125  lbs.  will  be  acting  in  the  piston  1,  fig.  1, 
hile  moving  from  b  to  dy  giving  a  power  of  4751bs.,  to 
hich  add  125,  will  shew  a  power  of  (JOOlbs.  at  this  part 
^thestroke.  The  piston  1,  fig.  I,  now  descends  from  cf  toe, 
King  the  last  quarter  of  the  stroke,  giving  125  lbs.  of 
^wer  to  act  with  the  piston  1,  fig.  2,  while  moving  from 
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h  to  hy  giving  a  power  of  600 lbs.;  add  lo  ibU  the  12jlfa& 
and  il  will  give  a  power  0^72/*}  ItM.at  ihiH  part  of  the  Mrnkc. 
The  piston  J,  Hg.  I,  now  begiiw  its  ittroke  of  400ib».pr( 
inck  at/f  and  continues  to  g^  with  the  same  power,  wluU 
piston  1,  fig.  2, 1110  es  from  h  to  12,  giviuga  powcrof;lOl)Uii 
to  be  added  to  the  400  IbH.  obtained  at  the  lirst  quarter <tf 
the  stroke  of  the  piston  1,  fig.  i|  ai/  and  g^  produdiy 
at  thiis  part  of  the  stroke  TOOlbs.  of  power.  Tbe  pislM 
1,  fig.  1,  now  moves  from  g  to  t,  giving  a  power  of  47^ 
while  the  piston  1^  fig.  2,  moves  from  12  to  i,  andfl  to 
^)gi^'°g  °  potver  of  125;  which  uddcd  to  473,  giT«»« 
power  of  600,  at  this  part  of  the  stroke.  The  pi»t4M  1, 
fig.  1}  now  moves  from  i  to  1,  being  the  last  quarter  oftiit 
stroke,  giving  a  power  of  125  lbs.,  while  the  pislun,  fif.  3, 
mows  from  2  to  c,  producing  a  power  of  000^  (o  nkklft 
add  125  lbs.,  will  make  7t25  Iba.  at  thu  |»«rt  of  tW 
struke. 

^'  B)  this  arrangement  it  will  beaeen,  thatacorapeMaliM 
iit  obtained,  giving  a  more  equable  power  than  that  wbicl 
is  produced  by  the  single  engine,  whether  high  or  ioti 
pri>sciure,  dince  it  i^  weli  known  that  at  two  points  of  thi 
revolution  of  the  cranky  the  power  ceases,  during  at  Irart 
one-sixth  of  the  time,  which  is  the  reason  that  «>o  Ur|*i 
fly-wheel  ib  ncce^tsary.  It  Is  particularly  applicable  10 
steam-boats,  and  may  be  uned  to  great  advantage  ia  l^r 
double  pump,  as  well  as  the  balance-bob  lifting  puv|^ 
U6ed  in  Coruwall  for  mining  purposes,  by  the  use  of  pn^ 
per  gearing.  The  pre^nt  single  stroke  expansive  engiac^ 
U4ed  ill  Cornwall  for  putuping,  are  preferred  to  uU  otbcci 
on  account  of  their  ecot¥>iny,  although  they  arc  verj 
limited,  as  to  the  extent  of  the  expansive  principle^  for  wtal 
of  compeuHation,  as  nearly  the  same  power  i«  wanted  is 
finUh  the  stroke  of  the  pump  as  to  begin  it. 

*'*'  The  variation  of  the  velocity  of  the  piston,  oceasioftedb; 
the  compound  motion  of  the  crank  and  connecting  roJfii 
not  taken  into  view  in  this  diagram.  As  the  couoerling 
rod  is  intended  to  be  four  diameters  of  the  path  of  ibv 
crank, the  variation  will  make  no  practical  objection|beiA|i 
at  Ltri  greatest  value,  but  one  thirty-sepond  pari  of  *■ 
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nii^e.      If  tLe  engine  should  be  worked  by  a  counerliiis^ 

rud,  as  is  sometimes  the  case  in  Hteaiii  boa(8.  Hay  only  one 
diameter  of  ibe  path  of  the  crank,  the  variation  at  each 
ead  of  the  stroke  would  aniouut  to  a  practical  defect,  since 
the  piston  would  move  with  nearly  thcee  times  the  velocity 
al  the  lowest  quarter  of  the  stroke,  that  it  would  at  the 
first  quarter.  Thus  circumstanced,  the  crank  must  be 
above  the  cylinder. 

'^  As  the  law  of  expansion  seems  not  yet  to  be  settled,  an 
aritbuietkal  expansion  has  been  used  for  this  diag;runi, 
whichf  from  its  iipproximation  to  the  real  law,  will  be 
<]uile  near  enough  lor  practical  purposes.  Many  who  are 
of  the  school  of  Tilloch  and  Woolf,  believe  that  the  ex- 
pansive power  of  steam  depends  upon  heat  only,  while  the 
i8obo  experiments  are  aaid  tu  prove  that  elasticity  depends 
iflunply  on  density,  without  rcg;arding  temperature,  viz» 
that  if  a  cubic  foot  of  steam  at  atmospheric  pressure  wei^:hs 
lone  ounce,  fifty  atmospheres  of  steam  would  weigh  fifty 
pOances ;  but  Dalton,  who  is  undoubtedly  much  nearer  the 
true  law,  would  make  fifty  atmospheres  wei^h  but  about 
thirty-four  ounces. 

I  '^  1  have  no  doubt  that  the  nearer  the  atoms  of  water  are 
made  to  approach  each  other  by  compression,  the  greater 
will  be  the  repulsive  action  of  caloric  ;  and  that  in  a  more 
rapid  ratio  than  has  hitherto  been  allowed,  especially  in 
highly  compressed  steam.  Its  comparative  density  with 
the  increase  of  power  diminishes  faster  than  has  been  sup- 
I posed  even  by  Dalton/* 

The  advantages  of  allowing;  the  steam  to  expand  being; 
so  clear,  we  must  next  determine  the  best  point  for 

Cutting  off  the  Steam, — The  pressure  of  the  steam  upon 
the  piston  should  never  be  less  than  the  resistance  from  the 
friction,  &c.  added  to  the  pressure  of  the  atmosphere  in 
non-condensing  onfijines,  or  the  pressure  of  the  uncondcnsed 
Bteain  in  condensing;  engines;  and  as  the  pressure  of  the 
Bteam  is  inversely  as  the  space  it  occupies,  if  we  divide  the 
amount  of  the  friction,  Sec,  added  to  the  pressure  of  the  at- 
knosphere,  or  of  the  uncondensed  steam  by  the  pressure  of 
Ihedteam  in  the  boiler^  tJie  qiiuiicnt  wi.  give  the  portion  of 
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the  stroke  at  nhich  the  steam  should  be  cut  ofT,  to  prodoM 
the  greatest  eflecl. 

Example — The  pressure  in  the  boiler  being  1*20  iDchci^ 
the  los!j  from  friction,  &c.  is  '4  7^^b4S,  which  acidrd  to  91 
inches,  the prc:>dure  of  theatmosphere,  isTS ;  and  thitidiridcd 
by  1^  gives  '/A  as  the  part  of  the  stroke  at  which  the 
btcain  should  be  cut  oiT. 

The  pressure  of  the  steam  upon  the  piston  decrriuiaf 
towards  the  close  of  the  stroke,  in  order  to  compuie  iW 
power,  we  must  first  ascertain  thi*  mean  effective  |M>«fr 
which  has  been  exerted  throua:hout  the  whole  stroke;  fior 
lion-condensing  engines,  Mr.  Tredgold  gives  the  follow* 
ing  rule. 

Let  the  portion  of  the  stroke  at  which  the  ateaot  U  eil 
off,  be  represented  by  a  fraction  whose  numerator  kl; 
then  mnl(ipl>  the  logarithm  of  the  denominator  by  3J^ 
Bjid  add  1  to  the  product ;  then  divide  the  sum  b>  tbrdeM* 
niinator,  and  subtract  0-4  from  the  quolirnl^  and  (be  le* 
mainder  being  multiplied  by  the  whole  force  of  ihefltMS 
iii  pounds  per  circular  inch,  and  11.551b».  snbirartrd  fcr 
the  pressure  of  the  atmosphere,  will  give  the  mean  effccliw 
pressure  on  the  piston,  in  pounds  per  circular  inch. 

Example. — Let  the  pressure  in  ihe  boiler  be  46lb«*  pv 
circular  inch,  and  (he  steam  cut  off  at  ids  of  the  stroke. 

i-«^  Logarithm  of  l.5xS.3  *  Cr405 

I- 

1^)  I  406 

•930 

-4     Allowance  for  frictM%  Ac- 
hats 
46  lb«.  f  lie  |>reOTurc  in  tlw 


•24fti« 

1 1  55    roittAnce  of  atmo«phrrr. 


Mv«ii  pffetlWe  |»reMur«,  I31*)fl  !»>».  per  circnUr  Inch. 


Bui  it  is  only  by  condensing  the  steam,  after  tllowii^>^ 
to  expand,  that  the  grea(e!it  possible  effect  is  derivcdfr^ 
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iteam;  in  this  case,  the  rul«  for  finding  the  nionn  eflfective 
pressure  is  as  follows : — 

Let  the  part  of  the  stroke  at  which  the  steam  is  cut  off, 

be  represented  by  a  fraction  whose  numerator  is  1  ;  then 

naltiply   the  logarithm  of  the  denominator  by  2'd,  and 

diride  the  product  by  the  denominator,  and  the  product 

iQDitiplied  by  the  whole  force  of  steam  in  the  boiler  in 

pounds  per  circular  inch,  will  give  the  mean  pressure. 
Example — Let  the  pressure  in  the  boiler  be  35  inches, 

or  13.51b3.  per  circular  inch,  and  let  the  steam  be  cut 

off  at  I  of  the  stroke. 
f.^^^  logarithm   3%2219Xf:f=:-854Xl3-5^4*8lb8.  percircniar  inch. 

The  velocity  with  which  the  piston  should  move  is  shown 
by  Mr.  Tredgold  to  be  }th  of  the  velocity  which  a  body 
would  acquire  in  falling  through  the  length  of  the  stroke, 
^vhich  being  eight  times  the  square  root  of  the  length, 
g^ives  twice  the  square  root  of  the  length  of  the  stroke,  as 
the  velocity  of  the  piston  per  second,  or  120  times  the 
square  root  per  minute,  suppose  the  steam  to  act  on  the 
piston  during  the  whole  stroke  with  the  same  pressure; 
^Qt  the  imperfection  of  the  valves  not  admitting  of  this, 
'^^  gives  the  following  rule  for  engines  acting  expansively. 

Let  the  part  of  the  stroke  at  which  the  steam  is  cut  off, 
be  represented  by  a  fraction  whose  numerator  is  1,  multiply 
^he  logarithm  of  the  denominator  by  2*3,  and  add  *7  to  the 
product;  multiply  the  sum  by  the  portion  of  the  stroke  at 
^hich  the  steam  is  cut  off,  and  the  square  root  of  the  pro- 
duct, multiplied  by  120,  gives  the  velocityinfeet  per  minute. 

JExample. — Let  the  steam  be  cut  off  at  |,  and  the  stroke 
»e  eight  feet  long,  required  the  velocity. 

1  log.  is  0-60806 
2-3 


I-B847S 
+•7 


S-08473 


4-169 VX  lS0==fi45  ftet  per  mmvte. 
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In  engine*!  not  intended  to  work  expanHiTely,  Ihentna 
may  be  reckoned  as  cut  off  at  {  of  the  stroke,  and  tltra 
103,  fhe  square  root  of  the  length  of  the  stroke«=«to  \if 
velocity. 

Example, — The  stenm  acting  under  full  pressure,  in^ 
the  length  of  stroke  eight  feet,  required  the  velocity. 


103 


log.  0>461M 

9*01  i83 


BOI  Telo.»<r«iGi37 


To  find  the  Power  of  an  Etigif$e, — Multiply  the  squirt 
of  the  diameter  in  inches  by  the  effective  pre<nurv  ii 
pounds  per  circular  inch,  and  (he  product  by  the  velocity 
in  feel  per  minute,  and  this  product  will  be  the  numbrr 
of  pound'4  raNed  one  foot  high  per  minute,  which,  ilivitW 
by  3;),000,  will  be  (he  number  of  horses  to  which  th*?  «• 
ginc  is  equivalent. 

Kvample, — Required  (he  power  of  an  engine,  the  ^i- 
nieter  of  the  piston  being  two  feet,  length  of  xirokf  fber 
feet,  and  effective  pressure  per  circular  inch  7*1  Ibc 


Di:tincter,  fli  inche*  w]itare= 
Effective  j»rc«Drr 


676 
71 


VclocUy 


4060-6 

SOS 


Ponnds  rawed  one  foot  high.  .642i&7i9 
And  e4a^57-^-33,Ot^O— 854  liorae*. 

To  af^certain  the  dimensions  of  an  engine  of  a  givca 
power,  to  work  at  a  given  pressure,  and  the  diameter  tftbi 
in  any  proportion  to  (he  length: — 

Let  the  proportion  between  the  diameter  and  length  flf 
(he  stroke  be  represented  by  a  fraction  whose  nomrrator 
is  I,  divide  12  by  the  denominator^  and  find  (he  logaritln 
of  the  y/  of  the  quotient,  and  to  this  add  the  logarithm  of 
3*'),000,  and  from  the  sum  sirbtract  the  lognrithm  of  (W 
rffoctive  prosflure,  and  (he  logarithm  of  (he  number,  wWck 
multiplied  in(o  the  square  root  of  the  length,  would  givt 
Ihe  velocity;  the  remnlnder  muhiplied  by  2,  and  dhriW 
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bjfi^will  give  the  diameter  in  inches,  from  whence  the 
length  of  stroke  and  velocity  may  be  found. 

£saiKp/e.— Required  the  diameter  of  the  cylinder  for 
an  engine  of  30  horse  power,  with  the  length  of  the  stroke, 
ud  velocity  per  minute,  the  length  of  the  stroke  being 
twice  the  diameter  of  the  piston,  and  the  effective  pressure 
7.1  lbs.  per  circular  inch,  to  work  at  full  pressure.  At 
full  pressure,  the  square  root  of  the  length,  multiplied  by 
103,  gives  the  velocity  per  minute. 

Proportion  of  diameter  to  stroke  I  and  1S|  2=^6  log.  0.77815      0.38907 

8S000 log.  ^51851      4.51851 

dOhorMt lug.  I.477ia      1.47718 


Sum 6.77378      6.38470 

7.1  eff.  pressure  log.  0.86125 

103 log.S.012S3 

2.86408      2.86408 


a90970      3.62068 
ft  8 


S)7.81M0  5)7.04184 
Inches  diameter  85. 1.56388      1.40885 


SECTION  IV. 

STEAM-BOAT   FHOPELLING   MACHINERY. 

A.  sTBONGER  proof  of  the  importance  attached  to  thissub^ 
j^t  cannot  well  be  afforded,  than  by  the  curious  fact,  that 
^o  less  than  seventy  different  inventions  have  recently  been 
l^atented,  for  the  propulsion  of  steam  vessels.  It  is  hardly 
possible  to  suppose  that  the  exertion  of  so  much  mecha- 
nical ingenuity  can  fail  to  effect  some  improvement  upon 
%lie  ordinary  paddle-wheels,  which  are  universally  admit- 
ted to  possess  many  great  and  glaring  defects;  neverthe- 
less, it  is  a  remarkable  circumstance,  that  among  the  very 
«0.  3  o 


4^ 


{.onnoN*!!  FAUbKL  hoxei. 


numerous  alteropta  to  obviate  (hetic  drfccl^  C4)n»iitiii)(«( 
new  modifications  of  the  wheeJ,  as  well  a^  subiiUluteii  lor 
it,  very  few  huve  been  purposed,  that  have  not  been  eat* 
culuted  either  to  augment  the  evils,  or  to  intruduci*  othen 
of  greater  magnitude.  In  the  latter  part  of  Mr.  Gallo- 
way*3  work  in  this  volume,  he  has  introduc<»d  a  %hotX 
treatise  on  this  subject,  to  which  the  fullowing  acconit 
of  new  contrivances  for  propelling,  chronologically  v 
ranged,  will  form  a  valuable  addendum. 


(FlCi.  J.) 


(FIG.  2.) 


i*.^ 


(FIG.  3.) 


jnganagnaJi^JTO 


Patent  PaddU-whtel  Cases,  btj  Mr,  D.  Gordon ^  of  the  Lm^ 
don  Portable  Gas  Works.  1822. 

The  patentee  purposes  to  enclose  the  ordioAry  pt4Ar- 
wbeels  in  a  castj  in  such  a  manner  that  the  edges  of  tk 
paddtcH  of  the  wheel  have  only  just  liberty  Co  »ov«  frccftj 
between  the  sides  of  the  case;  in  fVont  (I.  0.  towvrds  iW 
bow  of  the  vessel,)  the  water  entera  at  an  apertttra  in  iW 
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ewe,  entirely  below  the  level  of  the  water  lino,  which, 
harin;  been  operated  upon  by  the  paddle-wheels,  escapes 
freely  at  the  back,  the  case  being;  left  quite  open  in  that 
pirt  for  the  purpose.  By  this  method  of  inclo!»in^  the 
paddle-wheels,  it  is  considered  that  they  will  act  with 
much  more  effect,  and  propel  a  vessel  faster,  as  the  watei 
taDHot  escape  either  sideways  or  downwards,  but  is  forced 
lo  enter  the  aperture,  and  be  fairly  driven  out  behind. 
Another  advantage  derived  by  this  casing,  of  no  less  im- 
portance, is  the  protection  it  affords  the  paddle-wheels 
^om  the  violence  of  the  waves,  which  not  unfrcquently 
UUse*  serious  damages  and  accidents,  when  left  exposed 
in  the  usual  way. 

The  diag^ram  Gg.  1,  is  intended  to  exhibit  a  side  \  iew  of 
a  vessel  so  constructed;  and  fig.  l2,  is  a  view  towards  the 
bead  of  the  vessel;  the  same  letters  referring  to  similar 
parts  in  each  of  the  figures. 

<i  is  the  paddle-wheel  case,  the  wheel  within  being  re- 
presented by  dotted  lines;  b  is  the  fore  part  of  the  keel, 
wnder  the  bows  of  the  vessel;  c  is  the  aperture  for  the 
^ater  to  enter,  and  d  the  open  hack  part  of  the  ca^e,  for 
*He  water  to  escape;  the  dotted  line  «,  shows  the  level  of 
*he  water  line,  above  the  apertures  c  c,  beforcmentioned. 
The  specification  describes  several  dtirerendy  formed 
'^esftels,  both  for  inland  and  sea  navigation^  and  shows,  by 
''cference  to  accompanying  plans  and  sections,  that  the  in- 
dention is  equally  applicable  to  them  aLl,  and  in  whatever 
part  of  the  hull  the  paddle-wheels  or  wheel  msky  be  situa- 
ted. The  constrnction  of  steam  vessels  with  onlv  one 
paddle-wheel  placed  at  the  stern,  and  in  the  middle  of  its 
l^adth,  though  not  entirely  new,  (nor  claimed  under  this 
Patent.)  is  too  remarkable  for  us  to  pass  over;  we  have, 
'hepefore,  selected  the  third  figure  in  our  engraving,  to 
■"^present  the  patentee's  method  of  applying  his  invention 
***  vessels  of  this  kind.  The  figure  gives  a  longitudinal 
~^^tion  of  a  steam-boat  more  especially  adapted  for  inland 


Ha 


This  vessel  is  intended  to  hare  a  channel  or 


vigation. 

^*^Urse  made  through  its  whole  length  along   the  bottom, 
^ing  open  nt  the  under  side,  (like  an  inverted  trough,) 
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until   it  comes  to  the   part  where  the  puddlc-viliPt*! 
commences;  and  there  the  channel  Ls  closed  up  undei 
paddles,  so  as  nearly  to   touch  their  extremities  ha  tkov 
revolve.     It  is  likewise  intended  that  this  vessel  shall  b« 
steered  by  two  rudders,  placed  one  on  each  side  ofllie  pad- 
dle-wheel, and  connected  together  by  jointed  rods,  so  as  tv 
be  niovi'd  by  one  lever  or  tiller.     The  paddle-wheel,  io  ib 
ca:i;r,  is  shown  at  a;  the  aperture  for  the  entrance  of  (fa^f 
water  at  the  end  of  the  long  channel  at  c,  which  esctpes 
freely  at  the  back,  as  the  rudders,  being  placed  at  the  sides 
of  tlie  stern,  offer  no  obstruction. 

The  aperture  for  admitting  the  water  to  the  padJlf- 
wbtel,  the  pateiitce  recommends  to  be  furnished  wilhi 
sluice  or  ^^utter,  so  that  the  water  may  be  supplit^d  ia 
greater  or  less  quantity,  by  increasing  or  diminishing  the 
aperture,  according  to  the  velocity  of  the  wheel,  or  to  the 
roughness  of  the  water  in  which  the  vessel  is  uavij^ated. 
It  is  also  recommended  that  the  said  aperture  shall  h^ 
protected  by  flat  bars  of  metal  placed  edgeways,  so  a*  lo 
form  an  upright  grating,  to  prevent  any  floating  su^ 
stances  from  driving  against  the  paddle-wheels,  andattb* 
satne  time  not  to  prevent  the  free  entrance  of  the  water- 

rateut  Steam  Boat  Paddles,  by  Lieut,  IK  U,  Hdl,  oj 
Woolwich.  1825. 

The  object  of  this  invention  is  to  give  a  more  efBcicf»* 
direction  to  the  paddles,  by  causing  them  to  describe  »'* 
elliptical  curve  in  passing  through  the  water;  to  dt-acen*^ 
into  it  at  an  angle  nearly  perpendicular  to  its  8url«cc,«'^n 
ascend  out  of  it  at  a  similar  angle;  b)  these  means  toolr  'I 
tain  all  the  advantages  of  the  resistance  of  the  water  m^H 
fulcrum  to  the  leverage  of  the  paddles,  and  avoid  the  op-^ 
posing  disadvantages  incident  to  the  ordinary  paddles  a' 
their  entrance  into  and  exit  from  the  water.  The  arrange^ 
mcnt  is  no  less  singular  than  ingenious. 

a  a  a^  fig.  1,  represent  the  spokes  of  the  paddle-wh 
shown  as  disconnected  and  broken  off  from  the  peripb 
b  6j  to  prevent  its  being  confused  with  the  novel  propel 


Hnp^  part;  c  c  c  c  are  four  beot  levers,  one  of  which  is 
shown  separately  by  fig.  3;  e  e  e  e  represent  the  ed^es  of 
the  paddle-boards,  which  are  bolted  to  the  straight  anus 
of  the  levers  c,  and  are  connected  by  axles  to  four  short 
arms  f  f  f  f^  which  radiate  from  the  periphery  of  the 
wheel ;  each  end  of  the  curved  part  of  the  levers  is  at- 
tached to  the  next  lever  in  the  series,  by  an  intermediate 
short  rod  g  g  g  g.  Owing  to  this  mode  of  connecting  the 
short  rods  by  pivot  joints,  the  resistance  of  the  water 
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against  each  iinmiTsed  paddle,  caaiteH  the  nfxt  iit  «uc€tr 
sion  which  is  eiileriiig  the  water,  to  be  depress«'(i  at  iU 
extremity,  thereby  throwing  it  into  that  position,  or  tlttl 
angle  with  the  surface  of  the  water,  by  which  it  nweli 
with  the  leoijt  impediment  to  its  immersion.  The  resist- 
ance of  the  water  upon  the  paddle  that  has  preceded  it, 
then  draws  the  other  into  the  vertical  pocMtion,  at  iht 
same  time  that  it  is  itself  being  raised  out  of  the  wat«r,  it 
a  similar  angle  to  that  by  which  it  entered  ;  these  laotkni 
are  communicated  successively  to  all  the  paddleit  by  (W 
revolution  of  (he  wheel,  which  will  be  understood  hv  in 
examination  of  Bg.  ^,  wherein  are  represented  thi*  ptMiitou 
into  which  the  puddles  and  levcni  are  thrown,  by  ibeelit 
and  entrance  of  the  paddles. 

In  the  RepertoT)  of  Patent  Inventions,  No.  7,  the  nbtile 
of  the  specitication  of  Mr.  HilTs  patent  is  inserted,  wkidk 
contains  geometrical  instructions  for  the  formation  of  tKa 
ingenious  apparatus,  so  us  to  insure  the  true  and  uniforw 
action  of  the  parts. 


Patent  Propelting   Machinery^  by  G.  H.  Palmtr^  9f^ 
littyal  Mint.     1826. 

This'nveiitionissusimple,  bothin  its  const  ruction  and  ap- 
plication, Us  to  need  no  explanatory  engravings,  li  coni«<ti 
of  chains  paHsitig  horizontally  along  the  sides  of  a  vevrl, 
or  along  the  bottom  between  false  keels,  with  paddia 
jointed  to  a  guide  frame,  to  which  they  are  atlacb«d  it 
buch  a  manner,  thai  when  the  chain  is  drawn  in  a  dirrc- 
tion  from  >tem  to  stern,  the  paddles  nill  bi-  kept  in  apff>* 
pendicular  position  by  Miiall  check  chains,  proceeding  fras 
the  l(»Mt*r  extremity  of  the  puddle,  to  (he  main  cbaiaaf 
^uide  I'rnnte,  in  an  angular  position  ;  thus  fofiuing  a  rf«^ 
tanc*?  It>  the  water,  which  propels  the  vessel  for«ar<K» 
the  chains  with  the  pnddle<«  aredrao;ged  backwards.  Wkn 
the  horiztMiUil  parts  of  the  chain-^  are  returned,  or  •orcd 
from  '^tern  to  stem,  the  puddli-s  fold  up  and  take  a  bar^ 
]£onlal  position  with  the  chains,  and  therefore  form  M 
resistance  in  passing  through   the  water.     The  chaiuift 
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n  tlieir  places  by  paKsing  over  guide  pulleys  at  each 
'(he  horizontal  or  lower  ports,  and  over  wheela  at 
iper  ports.  The  wheels  are  furnished  with  spikes  on 
;)eripherte9,  which  take  into  the  links  of  the  chains. 

wheels  are  put  in  motion  by  a  band  pa^i'^In^  over  a 
in  connexion  with  a  steam  engine,  and  round  a  Hinall 
pttachcd  to  the  axis  of  each  of  the  spiked  wheels, 
^n  the  paddles  have  been  made  to  traverse  their 
ed  distance  along  the  vessel,  in  the  direction  from 
rt  stern^  they  are  returned  to  their  first  position  by 
in^  the  motion  of  the  spiked  wheels. 
he  paddles  be  used  on  the  sides  of  the  vessel,  the 
nvheels  and  guide  pulleys  are  attached  to  triangu- 
imes,  which  are  firmly  6xeJ  to  the  sides.  But  if 
le  applied  to  the  bottom  of  the  vessel,  (which  the 
ee  recommends  when  they  are  used  for  barges  on 
,  as  they  will  in  that  case  agitate  the  water  less,  and 
juently  do  less  injury  to  the  banks  of  the  canal,)  they 
►e  placed  between  false  keels.     In  this  case  the  same 

wheel  will  serve  to  give  motion  to  both  chains  at  the 
ime,  by  passing  them  round  it  in  contrary  directions; 
one  paddle  or  set  of  paddles  will  be  kept  in  action, 
the  other  is  returned  through  the  water  in  a  hori- 
osition. 

Propelling  Machinery^  by  John  Naim,  of  Ediu' 
burgh,     1828. 

four,  or  more  levers  are  to  be  suspended  over  the 
if  a  vessel,  and  to  descend  nearly  as  low  as  the  ves- 
eel.  These  levers  are  to  be  moved  backward.i  and 
ds,  like  aponduium^  the  motion  being  communicated 
team  engine,  or  other  prime  mover  ;  and  that  the 
may  experience  but  little  resistance  from  the  water, 
Id  be  of  such  a  shape  as  to  present  in  their  liori- 
:tion  a  form  like  the  adjoining  Bg.  I. 


<Fia  8.) 


At  each  sido  of  the  lever,  at  it?  lower  e\t 
tached  a  broad  plate  of  iron,  aa^  fig.  V,  b>  mcaiw 
joints,  which,  upon  the  lever  being  moved  forwai 
and  offer  no  resistance;  but  when  It  is  moved  bw 
they  open  or  expand,  and  theieby  impel  the  vca 
ward.  To  prevent  their  opening  beyond  the  propel 
nhich  is  from  140  to  160  degrees,  a  circular  arc 
through  them,  or  they  may  be  connected  to  cbaim 
only  allow  them  a  certain  range  of  opening,  or  a 
method  to  admit  their  expansion  within  due  liniiif 

There  have  been  many  previous  contrivancra 
pelling,  bearing  a  resemblance  to  Mr.  Nairn's  ini 
which  have  failed  in  practice;  and  we  can  discover 
ill   the   present  contrivance   calculated    to    ren 
exception. 


enili 


Patent    Propelling   Machinery^   hy    Paul  St 
Basing  Lancy  London.     18*^. 

In  the  ordinary  construction  of  padd!e-«heel«,  it 
observed  that  each  paddle  is  fixed  in  the  dir< 
radii,  and  it  is  equally  obvious  that  some  power 
lost  in  deprettsin^  the  paddles,  in  their  descent 
water,  and  likewise  in  raising  them  out  of  the  watef 
ascent,  when  they  have  to  lift  a  portion  of  watei 
the  tail-water.  In  most  of  the  attempt:}  to  rei 
defect,  the  inventorH  have  cau<;ed  the  paddles  to 
a  perpendicular  position,  throughout  the  rrvoluti 
wheel;  and  very  different  opinions  have  been  rec 
tertained,  with  respect  to  the  angle  at  which  ihr 
to  enter  the  water.  Mr.  Sleenstrup  considers  that 
dies  entering  the  water  should  have  a  certain  obi 
%arying  as  the  paddle  advances  in  its  revolution 
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serves,  that  as  every  pari  of  thft  periphery  of  ibe  mhtri 
must  describe  a  cycloid,  Oic  patldles  should  at  every  part 
oftbeir  revolution  form  tangent;)  to  that  curve;  acconi* 
in^ly  he  has  purposed  four  very  simple  and  in^nioa 
modes  of  eifecting  this  movement. 

Fig.  1.  in  the  preceding  p^ge,  sheus  what  bo  deematJie 
simplest  method  ;  a  represents  the  paddle-wbeel,  fr  a  cof* 
wheel  bolted  to  the  vcjisel's  side,  concentric  with  a,  aii4 
allowing  the  shaft  c  of  the  paddle-wheel  to  revolve  io  iti 
centre;  <f  a  cog-wheel,  double  the  diumeterof  6,  revohiai 
upon  an  axis  supported  by  the  arms  of  the  paddle-wheel, 
and  gearing  into  b;  e  the  paddle,  suspended  by  axle*  tail- 
ing in  the  rim  of  the  wheel ;  on  each  of  these  axle*  tst  Sx«d 
a  chain  wheel/,  and  a  similar  wheel  is  fixed  on  the  ISH 
of  the  cog-wheel  d;  g  i^  an  endless  chain,  pas!>ingoc>crtle 
wheels/,  on  the  periphery  of  the  paddle-wheel,  and  mdir 
the  wheel/,  on  the  axis  of  </;  h  represents  a  water  line. 

It  will  now  be  perceived  that  when  the  paddle-wheel  ii 
set  in  motion,  the  toothed  wheel  b  being  tixed,  causfstli» 
large-toothed  wheel  rf,  to  revolve  upon  ils  own  centrr, 
at  the  same  time  that  it  is  carried  round  by  the  padilh^ 
wheel,  in  u  manner  similar  to  the  sun  and  planet  wbfl, 
in  WattN  steam  engine.  The  wheel  d,  being  double  thf 
diameter  of  6,  will  perform  one  revolution  upon  iliovi 
axis,  in  the  same  time  that  it  is  carried  round  once  bytW 
paddle-wheel;  and  by  means  of  the  endless  chain,  paffiof 
under  the  small  wheel/,  on  its  axis,  will  cau^e  each  pw^ 
die  to  revolve  once  ou  its  axis  in  the  same  lime;  tfi4 
each  pa<ldle  is  constantly  directed  to  the  highest  point  m 
the  rim  of  the  wheel,  which  position  of  the  paddles,  hj^ 
diagram  accompanying  the  specification,  the  pateniM 
shews  is  nearly  the  required  tangent. 

Fig,  2.  shewn  the  other  method  ;  instead  of  the  endlcfl 
chain,  a  large-toothed  wheel  is  placed  loose  on  the  axi»o( 
the  pndtlle-u  heel ;  thi!«  toothed  wheel  acts  upon  the  wbeeif 
fixed  on  the  axis  of  the  paddles,  and  is  put  in  motion  by 
«ii  ciidli'ss  chain  </,  passing  over  a  small  wheel  m,  placeJ 
on  the  axis  of  «f,  and  over  a  similar  wheel  n,  in  the  axl(o( 
one  of  thr;  puddlr^).  The  other  parts  being  similar  to  tboic 
in  tig.  1,  require  no  further  explanation. 
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The  patentee  purposes  in  general,  that  these  wheels 
ihould  be  immersed  in  the  water  about  one-third  of  the 
diameter,  which  is  considerably  more  than  the  wheels  at 
present  can  be  immersed  ;  and  thus  the  same  number  of 
paddles  can  be  brou^Oit  into  action  as  in  a  wheel  of  larger 
dimensions:  he  indeed  states,  that  the  wheel  will  work 
well  when  totally  iiiunersed,  and  in  any  position,  oblique, 
horizontal,  or  perpendicular. 

From  recent  experiments  on  the  Thames,  the  fact  of  these 
paddles  working  well  when  totally  immersed,  and  in 
various  positions,  has  been  proved ;  and  this  property  seems 
(o  confer  upon  them  a  decided  advantai^e  in  the  plunging; 
of  vessels  in  heavy  seas.  We  fear,  however,  that  notwith- 
standing the  simplicity  of  the  arrang-ement  by  which  the 
paddles  are  made  to  change  their  position,  the  parts  are 
too  numerous,  and  should  it  happen  that  one  link  be  broken 
(which. is  probable)  "the  whole  chain  is  destroyed,** 

Patent  Paddle- Wheehy  by  Lieutenant  Skene,  R,N»  of 
Woolwich,    1828. 

This  invention  is  purposed  by  the  patentee  as  an  im- 
Iprovemcnt  upon  the  paddle-wheels  of  steam  boats,  and 
(ftltio  of  the  common  water-wheels  employed  in  driving 
itnachinery  on  land.    The  form  and  full  size  of  the  paddles 

fre  a  parallelogram,  1  foot  deep,  by  2  feet  wide,  terminated 
y  a  semicircle  of  1  foot  radius.  These  paddles  are  not 
^mmoveably  fixed,  but  vibrate  on  axes  passing  through 
(the  two  opposite  annular  plates  that  form  the  periphery 
fof  the  wheel,  in  order  to  allow  of  their  dipping  into  the 
•Vater  edgeways,  and  thereby  reducing  the  resistance  of 
ihe  water  lo  the  revolution  of  the  wheel.  For  this  purpose, 
[the  lower  or  semi-circular  portion  of  each  paddle  is  loaded 
Iwith  metal,  the  superior  gravity  of  which,  lo  that  of  the 
'Dpper  portion,  causes  each  paddle  successively,  as  it  enters 
Hhe  water,  to  assume  (he  vertical  position  ;  and  to  prevent 
'their  turning  over,  a  simple  slop  is  provided  (which  will 
jpresently  be  explained,)  so  that  the  full  effect  of  the  inipel- 
3in^  power  of  the  engine  may  be  given  to  each  paddte,  at 
rthe  proper  lime.  To  prevent  the  water  from  escaping 
aiiicwa^s  between  the  arms  of  the  wheel,  i\  lar^^i:  dv^e  ot 


ftKBNB  S  PADDLR*W)IECL8. 

r  plate  in  fixed  againsl  (he  internal  sides  of  the 
and  of  such  diameter  as  not  to  come  within  the 
►f  the  paddles,  as  they  vibrate  on  their  axes, 
puiiiber  of  paddles  to  each  wheel  is  to  be  regulated 
diameter  of  the  wheel ;  which  is,  for  every  foot  in 
H*>  one  paddle;  therefore,  for  a  siix-foot  wheel  there 
ie  six  paddlc»,  which  is  the  number  represented  in 
Bosite  engravings.  The  patentee  states  that  the 
lE^hould  never  exceed  two  feet  in  breadth;  but 
Ihat  require  h  greater  breadth  o^wlteelj  should  have 
lional  rim  attached  to  the  axis  of  the  wheel,  within 
^e  additional  series  of  paddles  are  lo  be  placed  ; 
^xes  of  this  series  of  paddles  are  not  to  be  in  (he 
irizontal  lines  as  the  axes  of  the  others,  but  midway 
I  each,  in  order  that  the  paddles  of  each  series  may 
|e  water  in  alternate  succession;  because,  by  such 
koient,  the  motion  will  be  rendered  more  equable. 
ft.  represents  a  side  elevation  of  the  wheel,  with  the 
1^  consequently,  viewed  edgeways ;  and  fig.  2,  (an- 
lexhibitsa  single  paddle,j/<;^a'ci^i.-,  ona  larger  scale; 

!  letters  of  reference  in  each  figure  indicate  simi" 

I. 

tare  the  arms  of  the  wheel,  revolving  upon  the 
R  L'  is  the  circular  plate,  to  keep  the  water  from 
'laterally;  dd  dare  the  paddles,  of  which///aro 
ded  sides;  b  b  if^  are  the  axes  of  the  paddles,  the 
arcs  of  circles,  at  the  extremities  of  the  paddles, 
le  range  of  their  motion,  which  is  arrested  by  the 
that  consist  merely  of  a  prolongation  of  the  upper 
*the  paddles  striking  against  the  arms,  or  the  inside 
nms  of  the  wheel.  The  arrows  show  the  direction 
h  the  wheel  turns.* 


I  proper  here  to  notice,  that  Mr.  Skene  ronaiilered  his  inven- 
e  miarc-prcscnted  hy  the  above  Hescription,  whicli  is  extracted 
second  volume  of  tin;  Register  of  Arts  nnd  Journal  of  Pulent 
IM,  page  196.  In  an  account  which  appeared  subseqnenlly  in 
haiiic'tt  Magazine,  eomniunicateJ  by  the  patentee,  he  statet, 
wheel  in  propelling  is  iniiile  to  revolre  in  the  conlraty  Hi$ee- 
I4t  which  we  Imve  represented  it.     The  reader  it,  therefore, 
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From  tho  prerrding  account,  the  action  oflhcsp  whrfU 
is  loo  obviou::)  to  require  :iny  exphuintion.  We  und<*ntiii4 
that  they  have  been  applied  to  a  steom  boat  on  IW 
Than»cn,  and  the  experiments  made  have  been  reported  u 
the  newspapers  as  highly  succes^tful ;  but  not  ha\  in;^  brva 
present  ourselves,  we  cannot  attest  the  correctneM  of  iW 
statement,  which  theory  would  lend  usslriin^ly  to  dottbl. 

It  will  be  observed,  (hat  by  this  arrans^pinont  ihr  paddWs 
as  the)  ascend  out  of  the  water,  are  subjected  to  prpctfelj 
the  <ame  amount  of  resistance,  us  the  cnnimon  whcrb 
wherein  the  paddles  are  fixed,  by  having  to  IIA  tbt 
tail  or  back  water;  and  if  the  wheel  be  made  to  reroliv 
rapidly,  the  centrifugal  force  will  prevent  the  paddle*, » 
ihey  descend  into  the  water,  from  assuming  the  verticii 
position,  (as  shown  in  the  drawing,)  consequently  no  ad* 
vantage  will  be  gained.  But  we  will  suppose  the  mhttl 
only  revolving  at  a  moderate  rate,  stilt  the  cenlrifipl 
force  will,  to  some  extent,  counteract  the  eflcct  of  tk 
loaded  paddle,  and  to  this  must  be  added  the  reviitlaac* if 
the  water  against  the  loaded  part  of  the  paddle  wkicfc  inl 
strikes  it;  sufGcient,  together,  we  should  imagine,  to  thn* 
the  paddles  into  the  radial  position,  and  caase  tiMB  It 
encounter  the  same  resistance  as  in  the  ordinary  wImcIl 

In  paddles  of  the  form  delineated,  (lig.  2,)  the  palaatcff 
tltte«t  the  resistance  of  the  water  to  the  upper  and  lover 
portions  to  be  equal.  In  the  construction  of  water-wherb, 
a  cylinder  of  the  diameter  of  the  discs  occupies  ibe  ifOM 
between  the  two  rims. 


requested  to  tiear  thia  circumstance  iu  hia  miad,  and  cofi*Mlvr  vfcici 
of  the  tMo  niodfs  of  revolviriK  will  i>ro<liire  the  ^ealr*!  rlTrrl  la  |P» 
pelling.  We  Imve  stnted  in  ttie  text  llie  iip^iarenl  defertii  of  ikf  aadi 
dcliheii(e4l;  by  the  reverae  mude,  preferred  by  Mr.  Skeii^,  li  4of«  ■* 
appear  to  us  tliul  he  will  proBt  ttny  thin^.  It  i«  troe  that  W  *«9 
avoid  raiftiiig  the  buck-water,  but  he  has.  In  conaequence,  to  oKWHtor 
ttie  di»at!va.htiiKe  of  entering  the  head-water  nearly  horiznatany.  Mil 
titc  p«d(llra  lu*e  llieir  propelling  effect  immediately  lliry  c*<  loffc^v 
loweM  point,  the  reiislancc  of  the  water  harlnf  tben  a  tto^xry  la 
liirii  Ihr  padtllod  round  upon  iheir  axen.  We  are  luyy  tul  in  «* 
vjrw  uf  Ihc  iulijnci  by  a  utatemcnt  appended  to  tbedoiilpO— ^  P*^^ 
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Since  the  foregoing  was  written,  the  perseverance  of 
tiie  patentee  in  bis  undertuking,  led  to  the  performance  of 
beveral  public  experiments   on   the  river  Thanie-i,  which, 
from  being  very  erroneously  reported,  and  absurdly  coiu- 
jnented  upon,  in  the   newspapers,  excited  a  great  deal  of 
public  attention  i  we  have  accordingly  thought  it  right  to 
annex  to  our  description,  some   information   furnished  to 
Bs  CD  this  head,   from  Mr.  James  Murdock,  (the  mecha- 
nical drufli^inan  and  civil  engineer,)  on  whose  judgment, 
candour,  and  talent,  we  place  the  greatest  confidence. 

"  The  experiment  was  made  on  Wednesday,   Nov,  19, 
1898,  on  board  ihe  Sons  of  Commerce,  Gravesend  steamer; 
Bhe   was  fitted   with   two   of  the   patent  wheels,  each  of 
vrhich  bad  9A  paddles,  ranged  in  three  rows,  the  paddles 
measuring    IG   inches   by   1(>,   and    their   extremities   de- 
scribing a  circle  o^  nine  feet  eight  inches  in  diameter ;  they 
appeared  to  be  immersed  about  two  feet  six  inches.  Before 
starting  from  Dlackwall,  the  paddles  had  been  lashed  to 
the  arms  of  the  wheels,  by  which  means  their  action  was 
tlie  same  as  that  of  ordinary  paddles;  this  was  done,  in 
order  to  show  the  comparative  effect  of  the  ordinary  pad- 
dles with  the  patent  ones;  and,  on  arriving  in  Woolwich 
Reach,  the  boat,  with  the  paddles  thus  arranged,  was 
made  to  go  a  distance  of  six  miles,  by  passing  backwards 
•nj  forwards  three  times,  between   two  posts  on  shore, 
situate  one   mile  apart;  this  distance  was  performed  in 
one  hour,  eight  minutes,  and  thirty  seconds,  the  engine 
doing  forty  strokes  per  minute.     The  stops  on  the  arms  of 
the  paddles  being   then  cut,  the  same  distaiice   was   per- 
foraied  by  the  patent  arrangement  in   one   hour  and  ten 
minutes,  the  engine  doing  45  strokes  per  minute;  the  ebb 
tide  wa.M  running  during  the  whole  time,  and  there  was  a 
Iresh   breeze,  nearly  right  down   the  Reach,  although  it 
Iras  rather  less  towards  the  close  of  the  experiment. 

The  back-water  was  excessive  in   both  arrangements, 
wd  the  only  difference  I  could  perceive  was,  that  the 
tent  paddles  threw  the  back-water  right  astern,  whilst 
ordinary  arrangement   caused   the   swell  to  extend 
tber  on  the  quarter  of  the  vessel.      The  paddles  in 
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turning:  sepmed  lo  strike  the  anna  and  the  rim  «f  iW 
wheels  with  great  violence,  causing  an  unplra^ianf  ttwm 
The  vibration  of  the  vessel  was  certainly  ^router  witktW 
patent  paddles,  the  paddle-box  being  in  a  contiaad 
tremor.  In  respect  to  the  power  of  bnckin;;;  aftleni, ti 
which  it  has  been  supposed  they  are  dcficionl,  me  )ai 
occaaion  lo  back  the  vessel,  and  I  could  perceive  but  liltlr 
difference  in  theHction." 

Mr.  Stevens  has  recent!)'  adopted  a  more  simple  nmM* 
fication  of  his  apparatus,  by  having  only  one  paddle  10 
each  throw  of  the  crank,  which  must,  we  think,  ihcmv 
its  strength  und  durability,  and  render  it^  action 
uniform. 


Patent  Method  of  Propelling  Vtueky  by  WUUam  Hak,4 
CotcJiester.   18«8. 

The  object  of  this  patent   is  to  impel  steam  v 
means  of  a  stream  of  water  forced  out  avtcm,  at  ft 
derablc  depth  below  the  water  line,  and  thus 
with  paddle-wheels,  which  are  considered  both  uoMfMj 
and  inconvenient. 

a  14  u  cylinder  closed  at  top,  and  having  a  gral 
bottom,  »hich  servcb  to  keep  out  weeds,  &c.     Thts 
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der  13  firmly  secured  to  the  bottom  of  the  vessel,  so  as  to 
have  free  communication  with  the  water,  whilst  the  water 
is  prevented  from  entering  the  ship  or  vessel  by  caulking, 
&c.;  the  top  of  this  cylinder  must  not  be  above  the  water 
line;  fr  is  a  screw  of  two  or  more  threads,  very  nearly  bul 
not  quite  in  contact  with  the  sides  of  the  cylinder,  and 
revolving^  upon  a  spindle  in  a  socket  at  c;  <f  the  shaft  by 
which  the  screw  is  caused  to  revolve,  driven  by  the  band- 
wheel  e,  and  turning  in  a  stuffing-box  /;  9  a  pipe  leading 
from  the  upper  part  of  tbe  cylinder,  through  a  hole  in  the 
lower  part  of  the  vessel's  stern  ;  h  the  water  line. 

By  causing  the  screw  to  revolve  with  rapidity,  a  stream 
of  water  is  drawn  through  the  cylinder,  and  forced  out 
astern,  through  the  tube  g;  by  the  resistance  of  the  sur- 
rounding fluid  the  vessel  is  forced  forward.  The  patentee 
also  purposes  to  produce  the  same  effect,  by  substituting 
pumps  for  the  screw,  keeping  the  upper  part^  of  the  pump 
I    cylinders  below  the  water  line. 

I  The  inconveniences  attending  paddle-wheels  are  so  nu- 
I  'oerous,  as  to  render  an  effective  substitute  for  them^  and 
'  ^tee  from  their  defects,  one  of  the  greatest  desiderata  in 
'  ^t^am  navigation ;  but  no  method  hitherto  proposed  has 
'  '^n  at  all  comparable  to  them  in  point  of  power.  The 
Present,  or  very  similar  plans,  have  been  before  frequently 
*"<gested. 

In  the  commencement  of  steam  navigation,  a  Mr.  Lina- 
*<^p,  of  Portsmouth,  purposed  io  lay  a  pipe  along  the  bot- 
*oni  of  the  vessel,  with  valves  opening  towards  the  stern, 
i^^'id  to  expel  the  water  by  the  direct  action  of  the  steam, 
^"^  in  Savery^s  engine,  instead  of  employing  pump^;  and, 
''>  1820,  Messrs.  Lilley  and  Frazer  obtained  a  patent  for 
Propelling  vessels  by  means  of  pumps,  which  should  re- 
vive water  at  the  bows  of  a  vessel,  and  discharge  it  on  the 
luarters.  As  for  the  screw,  it  has  been,  as  we  before  ob- 
krred,  frequently  purposed,  though  not  in  the  position 
fhosen  by  the  patentee,  but  placed  horizontally  at  the  side 
j^r  the  vessel,  where,  from  the  obliquity  with  which  it 
Kruck  the  water,  sufficient  speed  could  not  be  obtained; 
■^Ul  as  the  present  patentee,  Mr.  Hale,  says  a  puinp  may 
"   21.  3  a 


482 


8TBVEN8  S  PnOPCLLI.SG    MAClltMKKr. 


be  substituted  for  it,  we  cannot  expect  greater  efccts 
from  it  thau  from  the  plans  befurenienlioneJ.  We  lWft« 
tore*  apprehend  thai  the  present  mode  of  propelling  villi 
paddles  inusi  still  continue,  notwithstanding  their  radial 
defects,  and  with  merely  some  improvements  ia  their  e<M* 
siruction. 


Patent  ProptUing  Machinery ^  by  /.  L.  Sitvent^  ^  Ptf- 
mouth.  1828. 

In  this  invention,  a  series  of  paddles  arc  attached  toi 
three-throw  crank,  and  by  meana  of  radias  and  gnUki^ 
rods,  they  are  made  to  describe  in  the  water  thetegacBl 
of  an  ellipse. 

The  figure  represents  a  side  elevation  of  the  macliiBary, 
as  it  appears  in  a  paddle-box,  fixed  to  the  side  of  aiActa 
vessel,  from  which  it  occupies  the  same  space  as  wonM  W 
required  by  a  common  ivhecl  of  proportionate  riae^  a  m 
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ibe  centre  of  the  axis  of  the  crank  c  c  Cy  and  b  is  one  of 
its  t>earings,  supported  on  the  side  frame  of  the  paddle- 
toz;  d  d  (ropresented  by  two  dotted  horizontal  lines,)  is 
^le  of  the  longitudinal  beams  which  support  the  other 
beirings  of  the  said  axis;  and  the  extremities  ofdd  are 
iransverse  beams  to  support  them.  In  the  paddle-box 
Irovision  is  made  for  the  occasional  rise  of  the  rods  g  and 
nf  it  be  not  thought  desirable  to  carry  the  paddle-box 
R>OTe  them ;  e  e  e  are  three  sets  of  paddles,  each  set  being 
hirried  by  a  division  of  the  triple  crank,  which  revolves 
between,  and  has  its  bearings  upon  parallel  bars;  the  pad- 
lies  are  directed  in  their  appropriate  motion  by  means  of 
the  guide  rodaff/^  and  the  radius  rods  g  g  g,  the  latter 
of  which  work  on  a  fixed  beam  or  centre  at  A;  lit  ar<f 
irched  spreaders,  to  keep  the  paddles  steady  and  firm ;  the 
|kaddles  ore  marked  r,  and  are  fixed  to  vertical  bars  in  the 
ordinary  way;  the  upper  ends  of  the  bars  being  inserted 
in  sockets  cast  in  the  paddle  carriage. 

it  must  be  understood  (for  the  engraving  does  not  show 
it,)  that  each  throw  of  the  crank  revolves  between  two 
parallel  bars,  with  its  1)earings  upon  thein,  and  carrying 
*'ilh  ihem  a  set  of  paddles.  There  are  thus  four  bearings, 
the  innermost  of  which  is  fixed  to  the  vessePs  side,  an<l 
the  outer  one  on  the  frame  of  the  paddle-box.  The  circle 
of  motion  described  by  the  triple  crank  being  equally 
<livided  (120*  apart)  between  each  throw,  they  balance 
each  other  on  their  general  axis. 

The  inventor  does  not  confine  himself  to  this  precise 
Irrangement,  as  it  may  be  deemed  desirable  to  lessen  tlie 
lumber  of  paddles  on  each  set,  give  them  greater  depth, 
ind  increase  their  stroke  in  the  water,  by  shortening  the 
Hiding  bars  /;  by  which  the  weight  and  expense  of  the 
lacbinery  would  be  greatly  reduced. 
[Among  the  advantages  presumed  to  be  obtained  by  tbM 
Ir^r  ingenious  invention  over  the  common  wheel,  the  fol- 
iwing  are  mentioned  as  the  most  prominent: — 
The  inventor's  paddles  work  nearly  in  a  vertical  position, 
he  allowance  being  made  for  the  impetus  of  the  vessel,  and 
lereby  save  the  power  that  Is  now  roiisutned  by  the  de- 
ing  and  ascending  paddles  on  the  common  wheel*. 
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From  (be  peculiarity  of  iheir  motion,  describing  ta  iW 
water  a  segment  of  an  ellipse,  and  not  that  of  a  rircle,  hi* 
paddles  may  be  con^^iderably  deepened,  and  the  length  af 
their  Htroke  increased,  ho  that,  occupying  an  rqaal  apa^ 
from  the  vessers  side  as  the  paddles  on  the  conmoo  wheal, 
their  application  of  power  it*  (greater  and  in  a  much  btiUr 
direction,  nvoidin|;  much  of  the  unpleasant  Tibr«tioo,ati 
consequent  wear  and  tear  in  the  vessels  and  engiam;  md 
aUo  the  back-water,  which  is  dangerous  to  boats,  Mid  h« 
hitherto  l>een  the  chief  obstacle  to  the  introductioa  M 
steam  vessels  upon  canala. 

The  patentee  also  calculates  upon  a  great  reiortia 
of  friction,  and  consequent  durability  and  cocaparat«H 
cheapness;  greater  simplicity  of  construction,  ailowim 
of  repair,  unshipping  and  replacing  at  sea,  besides  adnit* 
ting  of  the  paddles  being  kept  clear  of  the  water,  vhca 
using  her  sails  only;  the  machinery  being  easily  taken  (• 
pieces,  and  packed  in  a  small  space,  additional  tela  mtj 
be  conveniently  taken  on  long  voyages  ;•  an  accidMl 
occurring  to  one  set  (on  either  side,)  it  may  be  ditnk 
gaged,  and  the  others  worked  until  it  is  made  ready  &r 
use. 

That  Captain  Ross,  R.N.  author  of  a  work  reccallf 
published  on  Steam  Navigation,  entertains  a  faveunhk 
opinion  of  this  invention,  will  appear  by  the  foUoeim 
extract  from  a  letter  addressed  to  the  patentee  by  thi 
scientific  navigator. 

^'  I  have  no  hesitation  in  declaring,  that  it  appean  I* 
poeaess  very  considerable  superiority  over  all  the  OMlhaAi 
which  have  hitherto  been  adopted.  In  theory,  it  is  pc^ 
fectly  accordant  with  philosophical  and  matbcaalical 
laws,  and  1  have  no  doubt  that  in  practice  it  wiU  k> 
found  no  less  consistent.** 

The  advantage  of  placing  so  many  paddiea  up<SQ  taA 
throw  of  the  crank,  we  cannot  discover;  very  lillie  aM^ 
tional  resistance  can  he  gained  by  it,  while  it  introdacv 
complexity,  increased  expense,  and  varioua  iocearft* 
niencvs.  The  invention  is  in  other  re«pects  valuable,  m^ 
by  the  mode  of  the  paddles  entering  and  cjuiti- 
uutrr  nearly  \)eTpcnd\cuUvl^\  the  power  of  the  c.^. 
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not  wasted  by  the  resistance  of  the  water  in  the  wrong 
direction  to  the  impelling  force. 

Since  the  foregoing  was  prepared  for  the  press,  several 
experiments  have  been  made  with  Mr.  Steven3's  apparatus, 
M  the  City  Canal,  and  elsewhere,  with  the  most  gratifying 
;  the  paddles  entering  the  water  in  the  most  gentle 
r,  and  causing  no  more  ripple  in  leaving  it  than  oars 
ould  do;  whilst  a  common  paddle-wheel^  which  had 
en  fixed  to  one  side  of  the  boat,  to  contrast  with  the  im- 
oved  paddle,  threw  the  water  over  the  bout*s  gunwale, 
e  area  of  the  surfaces  of  both  the  paddles  were  alike, 
el  the  superior  effect  obtained  by  the  application  of  the 
wer  to  Mr,  Stevens's,  was  proved  by  its  turning  the  ves- 
1  round  when  the  helm  was  let  go,  thai  is,  making  the 
xternal  circle,  and  the  common  paddle  the  internal  one. 

ropeiling  Apparatus  for  Steam  Boais^  by  Mr,  Jonathan 
Ihcksou^  of  Holland  Street^  Blackfriars, 

A  few  years  ago,  the  above-mentioned  person  intro- 
oced  to  the  notice  of  the  Society  of  Arts,  a  method  of 
ising  and  lowering  the  propelling  apparatus  of  steam 
is,  without  stopping  the  engine  or  any  part  of  the 
acbinery,  and  thereby  allowing  them  to  enter  at  plea- 
urejust  so  deep  into  the  water  as  may  be  found  necessary 
r  propelling  the  vessel  at  its  intended  velocity.  This 
lie  accomplished  by  means  of  a  sun  and  planet  wheel  rao- 
lion  being  given  to  the  second  motion  of  the  machinery, 
Irhich  cames  it  to  move  partly  round  the  first  motion,  or 
driving  power. 

It  was  considered  that  this  contrivance  would  be  found 
pf  great  utility  in  those  steam  vessels  that  carried  satis, 
Mid  afibrd  to  such  the  means  of  going  to  sea;  for  instance, 
luppose  a  steam  vessel  to  be  going  direct  against  the  wind 
ly  means  of  the  whole  power  of  her  steam  engine,  and 
hat  the  wind  should  change  and  become  favourable,  the 
Kopellers  may  by  these  means  be  immediately  raised  out 
>f  the  water,  and  the  vessel  allowed  to  have  the  full  effect 
I^f  the  sails,  thereby  saving  the  expense  of  fuel.  The  ini- 
dimcut  of  the  paddle-whocls,  to  vessels  of  Vhe  oTOAnn^^ 


construction,  is  such  as  to  render  sails  rather  ui 
brance  than  an  appendage  of  utility.     Another  advi 
appeared  to  re^^ult  from  Mr.  Dickson's  inventioD, 
there  might  be  only  a  gentle  breeze  in  the  vesH^ra  farfti 
a^  the  propetters  might  be  set  to  work  so  a«  to  take 
of  the  water  at  pVeaautc-,  ^tv^  V^^\]ft^V^'J  >\^Uvn^  the 
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ind  to  that  of  the  steam,  make  greater  progress  in 
a  given  time,  and  at  much  less  expense,  as  the  engine  will 
unty  consume  fuel  in  proportion  to  the  labour  it  has  to 
perform.  A  further  advantage  would  be  derived  when 
the  vessel  has  only  a  side-wind,  as  one  of  the  propelling 
wheels  could  be  worked  with  its  full  power  in  the  water, 
and  (he  other  lifted  out,  if  necessary,  (still  the  whole 
might  be  kept  in  motion,  and  thereby  the  direct  course  of 
the  vessel  be  maintained);  and  if  a  vessel  should  lose  her 
rudder,  it  is  obvious  she  might  be  steered  by  the  varied 
action  of  her  paddle-wheels.  In  navigation,  critical  cir- 
cumstances sometimes  arise,  wherein  a  sudden  tack  will 
save  a  vessel  from  destruction,  which  this  vessel  seems  well 
calculated  to  perform,  as  she  could  be  made  to  turn  nearly 
upoa  the  centre  of  gravity. 

The  figure  represents  a  transverse  section  of  the  boat; 
1 1  thesides  of  the  vessel ;  2  2  the  float-wheels,  impelled 
hy  the  engine  acting  on  their  shuftd  A  B,  which  have 
upon  each  a  toothed  wheel,  that  acts  upon  other  toothed 
ttliccls  fixed  on  the  axis  of  the  float-wheels. 

Each  float-wheel  is  hung  on  a  pair  of  levers  3  3,  turn- 
ing on  centres  that  are  coincident  with  the  axis  of  the 
first-mentioned  toothed  wheels;  so  that,  although  the 
levers  are  elevated  at  one  end,  and  with  them  the  float** 
wheels,  yet  the  relative  distances  of  the  two  toothed 
wheels  are  preserved;  the  one  having  what  is  called  a 
planetary  motion  round  the  other.  The  left-hand  float* 
^hecl  in  the  figure  is  shown  dipping  into  the  water,  while 
^'>at  on  the  right  hand  is  lifted  out  of  it,  by  the  action  of 
''le  winch  e,  which  communicates  motion  through  two 
^^tall  wheels  and  pinions  to  the  barrel  4  4,  on  which  are 
^^iled  the  chains  attached  to  the  ends  of  the  levers  3  3. 

^ropdling  Apparatus,  by  John  MelvillCy  Esq.  qf  Upper 
Barley  Street.     1829. 

These  improvements  are  intended  to  apply  to  the  pro- 

;P*lling  of  vessels   by  steam  or  other   power,  in  a  direct 

'ine,  in  such  u  manner  that  the  propelling  apparatus  shal! 
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tin'iimstanres,  connected  with  the  size,  form,  and  stowage 
(>f  tlie  vessel,  may  render  most  advantageous. 

The  method  which   he  first  describes,  and  therefore  de- 
nominates his  first  method,  consists  in  placing  on  each  bide 
of. the  vessel  two  pair  of  folding  paddles,  represented  by 
a  a,  fig.  i;   the  other  two   pairs  being  precisely  similar, 
but   situated  on   the  farther  side   of  the   vessel.      These 
folding    paddles    are    made    of    any   suitable    material, 
metal  or  wood»  and  of  a  si/.e  proportionate  to  the  size 
ind  required  speed  of  the    vessel.     The   paddles  are  so 
attached  by  hinged  Joints  to  the  prolonged  axes,  e,  of  the 
traversing  framed,  that   they  fold   or  shut  up,  and  present 
only  the  sharp  edges  of  their  hinges  to   the  water,  when 
aoving  forward,  or  from  stern  to  stem;  and  open,  or  ex- 
pose a   large  surface  to  the   water   when   moving   back- 
wards,  or   from  stem   to  stern;   being  prevented  by  the 
Btops  from  expanding^  beyond  any  assigned  angle,  as  145^. 
The  traversing  frames  are   keot  to  the  side  of  the  vessel 
by  grooved  guides  g  h.  These  paddle  frames  are  furnished 
«ith  friction  rollers  1 1,  at  their   ends,  and   at   their  mid- 
dles, to  keep  them  steady,  and    to  facilitate  their   motion 
in  the  guides.     The  upper  parts  of  the  paddle  frames  con- 
AMMof  racks,  which  are  acted  upon  by  the  toothed  wheels 
shnMrn,  the   axes  of  which   pass   through    the  vessel,  and 
terminate  in  similar  wheels,  which  act   upon   traversing 
racks  on  the  opposite  side  of  the  vessel.     To  (he  piston 
rod  of  the  steam  engine,  whose  cylinder  (which  may  be 
WthtT  situated  above  or  below  the  plane  of  (he  axes)  is 
placed  in  a  position  somewhat  inclined,  as  represented  by 
dots,  is  attached  a  rod  which  passes  under  a  pinion  on  the 
■sis  of  one  pair  of  the  wheeU,  and  over  a   pinion  on  the 
txis  of  the  other  pair  of  wheels,  and  vice  versa.     The 
parts  of  the  rod  passing  under  the  one  and  over  the  other 
of  these   pinions,  and   thus,  by  the  ultmialiiig   motion  of 
^^f  piston  of  the  engine,  cause  one  pair  of  the  paddles  to 
Wtive  forwards,  while  the  other  pair  arc-  mjo\  iiig  backwards, 
^y  which  one  pair  of  the  paddles  on  each  side  are  kept  con- 
'■nuallv  in  action.    The  paddle  stems  or  axes  are  attached 
I'VRiop  hinges  to  the  upper  part  of  the  paddle  frames, 
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find  td  the  lower  part  by  screw  holtit,  to  fix  them  wb««  im 
use;  by  this  arraiig^enieiit,  (he  paddles  can  be  nriBhipfN^ 
and  removed  from  the  side  of  the  vrswel,  whrnevcr  iW 
Mixie  of  the  wind  renders  (heir  upplicution  unnerewarv. 

The  second  method  consists  in  attaching  ftiniilar  foldinf 
pnddteH  lo  the  ends  of  two  or  more  rod^  projectni 
through  Htuffing-boxcB^  under  the  water  line,  io  thpttm 
of  the  vessel.  These  projecting  rods,  repreyeiKed  by  i( 
fi^.  9^  made  of  metui,  and  turned  cylindrically,  arc  tot^ 
nectod  with  the  piston  of  a  steum  engine,  through  radi 
and  pinionM,  in  a  ninnncv  similar  to  the  connexion  of  iW 
paddle  franuffl  befuic  described.  The  inlenluto  of  thi 
wheel  and  pinion,  the  fornier  acting  on  the  raclu  tath 
necled  with  the  projecting  rodw,  and  ihc  lader  brnf 
acted  upon  by  the  rack  connected  with  the  rngiov  pi>tMr 
becomes  necessary  (o  obtain  a  greater  vc1ocM>  in  (be  pa^ 
die  than  conid  be  given  to  the  piston  of  a  Mli>am  rn^^iM. 
The  projecting  rods  have  rule  joints  at  the  exlmwtn 
nearest  (he  vessel.  Wlien  one  of  the  screw  bolt«  t*  with- 
drawn, and  the  rods  being  dt'tuched  from  (be  rmck,  (li(« 
ptished  out  beyond  the  usual  extent,  and  the  end  (owhicl 
(h-  paddle  i?  attached  elevated  to  admit  of  the  pmdSt 
being  easily  detached,  the  rod  is  (o  be  let  down  and  wil^ 
-drawn,  (ill  it  is  all  within  the  vessel,  except  it^  (-ad,  whkk 
must  be  Irft  in  ihc  hole  or  stufBiig  box,  to  prevent  leak- 
oge;  so  that  with  this  application  there  need  be  uo  rt* 
(ertor  appendages,  except  when  the  paddles  are  in  acliafc 
Fig.  3,  is  explanatory  of  this  operation. 

The  third  melhod  consists  in  employing  a  double-actiai 
pump,  represented  by  a  6,  fig.  4,  which  receive*  (Im  mter 
by  the  supply  pipes  r  c/,  furnished  with  valve«  r  p»  ofwoftf 
iitMaid^,  and  conveyed  through  the  pipes  i  ifr,  lo  ih*  tir 
lesscl  /r,  where  the  vulves  v  r,  prevent  its  return;  and  hb 
(hen  discharged,  with  increased  velocity,  through  (hr 
eduction  pip<^ /<;,  whoso  apertures  at  (he  sli^n  of  tl* 
vessel  are  diminished  in  propor(ion  to  the  vcli>r*'-  '*- 
quired,  and  have  the  form  best  adapted  for  the  di 
of  fluids. 

Tbc  piston  rod  of  the  pump,  which  passes  Ibrosgfc* 
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liulBng-box  at  each  end  of  the  cylinder,  is  connected  with 
(lie  piiiton  rod  uf  the  steam  engine,  the  cylinder  of  which 
ii  jna  position  pnrallel  with  that  of  the  pumps.  Supposin^i^ 
iJlp  pump  pibton  moving  in  the  direction  from  a  tu  b^  the 
irater  will  bo  received  into  the  cylinder  through  the  sup- 
ply pipe  c,   and   the   water,   which  had   been  previously 
adiiiitled   into  the  cylinder  through  the  {lipo  4?  is  forced 
ibrough  the  pipe  M  into  the  air  vesi>el,  and  thence  through 
the  eduction  pipes. 

The  patentee  states,  that  being  aware  that  attempts 
had  been  made  by  others  to  apply  folding  paddles,  as  well 
IB  the  ii«i»uc  of  water  through  pipon,  he  does  not  claim  the 
exclusive  use  of  these  means,  but  simply  his  improvements 
iu  the  employment  of  them,  which  we  have  described. 


Fropeiliug  Paddles^  by  Orlando  H,  WilliamSf  of  Gloucss- 
ter.    1829. 

^This  inventor  appears  to  have  two  objects  in  view: — 
(t,  to  have  the  means  of  increasing  or  diminishing  the 
surface  of  the  paddles,  according  to  the  depth  of  the  ves- 
sel in  the  water;  and,  secondly,  to  have  the  means  of 
making  them  enter  and  leave  the  water  edgeways.  The 
first  of  these  objects  he  purposes  to  accomplish  by  the  ap- 
plication of  the  introduction  nf  double  leaves  to  the  pad> 
dies,  which  are  attached  by  bolts  to  projecting  arms  or 
radii  from  the  paddle-wheel,  so  that  one  of  the  leaves  nmy 
be  shifted  beyond  the  other,  when  more  surface  is  re- 
quired; and  the  second,  by  causing  the  paddle  arms, 
through  the  medium  of  cams  fixed  upon  them,  and  acting 
on  projections  fixed  on  the  side  of  the  vessel,  to  turn  so 
that  their  broad  surfaces  may  in  succession  be  made  io  act 
on  the  water,  when  completely  immersed  in  it,  or  during 
about  one-sixth  part  of  their  revolution. 


Propelling  Paddles^  by  Archibald  Robitisotty  of  LivirpooL 

1829. 

This  arrangement  consists  in   placing  the  floats  on  the 
paddle-wheels,  so  that  they  may  make,  with  the  plane  in 
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wliich  Ihe  uheel  turns,  an  nn^le,  varying  Anom  40  to  10 
degrecB,  accurding'  to  the  extent  of  the  paddle  ftittftet 
required;  hut  it  is  preferred,  under  ordinary  circva- 
stances,  to  place  them  at  ah  angle  of  45  defreea.  TW 
exterior  edge  of  the  vane^  slope  back,  or  lovrardi  lb 
stern  of  the  vesiel  on  each  side;  and  thus,  though  they  ad 
upon  the  water  obliquely,  the  oblique  action  of  the  om 
will  counteract  that  of  the  other,  and  their  QDiCKJ  tcfl* 
dency  will  be  to  propel  the  vessel  right  a*hcad.  Mr.  Bo* 
hinson  considers,  that  by  thiR  arrangement  he  will  obviate 
the  inconvenience  and  waste  of  power  arising  from  A$ 
violent  action  of  paddle-wheels  of  the  usual  conatrocfia& 
The  same  inventor  claims  in  his  specification,  bo  im- 
proved method  of  raising  and  lowering,  at  plramre,  Ifct 
paddle-wheels  in  the  water,  which  he  purposes  to  accoa* 
plish  by  attaching  them  to  frames,  whose  ends  are  m^ 
ported  by  chains  passing  over  pulleys,  and  supported  by 
counterpoises,  so  that  the  paddle-wheels,  which  arc  tunMd 
by  spur-wheels  fixed  on  the  main  axis,  taking  into  stnulaf 
spur-wheels  fixed  on  their  own  axis,  may  be  niiae^  or 
lowered  with  any  power  sufficient  to  overcome  (h 
friction. 

Propelling  Apparatusy  by  FrancU  Nealfy  <^  Gitmomlm* 

1829. 

Mr.  Neale  proposes  the  application  of  hinged  paddlas 
attached  to  a  reciprocating  frame,  so  as  to  fold  upwank, 
or  assume  a  horizontal  position  when  moving  forwardii 
and  fold  down  or  assume  a  vertical  position,  by  vkidk 
their  flat  surfaces  act  upon  the  water  when  moving  back- 
wards. The  frame  is  made  to  traverse  by  a  crank,  acliaf 
upon  a  system  of  levers,  similar  to  that  called  the  iai;- 
tongs,  with  the  addition  of  stays,  on  the  principle  of  tktf 
radius  rods  of  the  series  of  levera  used  to  produce  paralkl 
motion  in  the  pistons  of  steam  engines. 

The  foregoing  patent  has  a  great  similarity  to  a  «9* 
goation  by  an  anonymous  correspondent,  inserted  pe^ 
vioualy,  in  the  Journal   of  Patent  Invcnliona,   No.  CI 
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The  following  cut   will  serve,    in    a    degree,   to   illus- 
trate both. 


The  writer  states  that  he  was  led  to  devise  this  mode  of 
propelling,  by  olwcrving  the  powerful  uction  of  a  fish's 
tail;  it  is  thus  described: — 

"  The  piston  of  the  engine  being  attached  to  the  rod  A, 
will  alternately  open  and  shut  a  series  of  sliding  sub* 
marine  fins  or  fans,  which  may  be  variously  constructed, 
and  placed  either  at  the  sides,  or  bow  and  stern  of  a  ves- 
sel, keeping  up  a  constant  pressure  upon  the  water,  and  a 
consequent  motion  of  the  vessel  forward,  without  back- 
water or  splashing." 


Patent  Propelling  Apparatus^  by  Mr,  E.  Galloway,  182D. 

The  proposed  improvement  we  have  now  to  describe  is 
an  invention  of  the  author  of  the  first  part  of  this  work. 
The  object  of  it  is  similar  to  most  of  its  precursors, — that 
of  providing  a  remedy  for  the  loss  of  power,  and  other 
inconveniences  arising  from  the  oblique  position  in  which 
the  float-hoards  of  the  common  paddle-wheels  enter  and 
leave  the  water.  This  he  purposes  to  elfect  by  causing 
each  float-board  to  turn,  or  rather  vibrate  on  an  axis,  at 

tits  edge,  next  the  centre  of  the  paddle-wheel,  through  the 
medium  of  projecting  levers,  firmly  fixed  to  the  float- 
boards,  at  their  axis  of  motion,  and  connecting  rods  pro- 
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ceedinj^  from  the  exlremili(*a  of  these  lerers,  to  tbe  <xl»> 
inily  of  n  fixed  crank,  adjustable  at  a  pveii  divtance  frwi 
the  centre  of  motion  of  the  padcile- wheel,  which  cowm^ 
of  four  radiating  arms,  connected  at  their  cxlreniities  hj 
strengthening  braces. 

The  annexed  engraving  will  afford  an  idea  of  the  lead- 
ing features  of  the  apparatus ;  hut  we  understand  it  dilTm, 
in  some  respects,  fruiu  that  actually  emp1o\€*d  by  Mr. 
Galloway  in  the  Confiance,  Government  Steam  Boat, 
which  is  now  being  filled  with  paddles  on  thU  principle. 


6  6  represent  four  arms  radintins  from  a  central  axb^lht 
ratfemiliea  of  which  ce^aie  connected  by  bracing  ro^frl* 
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kneto  lhcr>thcr;  cr,  arc  (he  puddles,  firmly  fixe<j  In  which 
Ire  the  lever*,  rfrf,  forming  angles  of  aboiil  120  degrees 
rilh  ench  olher,  and   turning  together  on   axes  at  ee  ;  /, 

f'  presents  the  water  line  ;  g  is  the  crank,  fixed  centrally 
the  axis  of  the  whpel,  but  so  as  not  to  revolve  with  it ; 
fcis  crank  is  alterable  at  pleasure,  by  means  of  a  set  screw, 
^Mrh  cans<»s  the  paddles,  through  the  medium  of  the  con- 

t:ting  rodn  ti  t,  to  take  »uch  an  angle  with  the  water 
c,  as  may  be  deemed  most  desirable  for  propelling;  the 
wis  I,  however,  are  connected  to  a  revolving  collar  on 
p-crank,  which  allows  of  their  free  rotary  motion,  while  it 
pws  the  paddles  uniformly  into  the  positions  shewn  in 
|ie  engraving,  when  the  arm  of  the  crank  is  set  in  a  hori- 
ibntal  position,  as  represented.  The  doited  lines  shew 
pe  position  the  paddles  assume  in  the  intermedisite  parts 
their  revolution,  or  the  relative  position  they  would 
ike,  if  there  were  eight  paddles  attached  to  the  wheel. 


Poole's  Patent  Steam  Boat  Paddles.   1829. 

Owing  to  tho  great  surge  occasionod  by  the  action  of  the 

immon  paddle-wheels,  the  application  of  steam  power, 

)r  propelling    boats    on    canals   and  narrow  rivers,  has 

itherto  generally  failed  of  success.   On  the  river  Witham, 

Lincolnshire,  however,  three  steam  boats  are  worked 

>y  Mr.  Poole's  paddle-wheels,  with  great  advantage;  as 

le  action  of  the  paddies  is  such,  as  to  cause  no  sensible 

litional  swell  of  the  water,  beyond   that   produced  by 

liling  boats,  at   the  same  speed.     The  following  descrip- 

ion  of  the  apparatus  is  extracted   from  a  Intter  received 

ihe  author,  from  Mr,  Merr)  weather,  of  Lincoln  Castle. 

"The  wheel  is  a  common  one,  to  be  suited  to  the  size 

the  vessel  it  may  be  designed  for,  except  that  the  float 

paddle  is  not  fixed  to  the  radii,  but  vibrates  on  its  axis 

!the  rims  of  the  wheel.  On  the  side  of  the  vessel  ia 
»ced,  very  securely^  two  concentric  circles  of  iron,  placed 
nically  edgeways,  with  a  space  of  about  one  inch  and 
[half  bctweei'.  them,  forming  thereby  what  may  be  cal- 
U  a  rail-road,  on  the  side  of  the  vessel  for  a  guide-pin, 
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fixed  on  the  end  of  a  lever,  atlacKed  to  the  paddle  axifto 
travel  in.  The  concentric  circles  before  oientionnl,  an 
placed  eccentric  to  the  axle  of  the  wheel,  aad  the  paddle 
are  thereby  carried  round,  so  as  to  enter  and  leave  the 
water  in  such  angles  as  to  avoid  the  splash  at  entering;, 
and  the  lift  at  coming  out.  This  wheel  allows  advan* 
tageously  of  a  deeper  immersion  in  the  water  than  the 
radial  paddle,  obtaining  a  greater  power  by  bein^  brou«hlto 
a  leverage  on  a  denser  medium  than  the  surface  water,  and 
thereby  adding  most  materially  to  the  propelling  power 
of  the  wheel;  it  is  equally  efficacious  in  its  backstroke 
It  should  seem,  however,  that  one-third  of  the  diameter 
of  the  wheel,  from  present  experience,  is  the  best  dip,  aad 
as  this  may  allow  of  the  lowering  of  the  main  axle,  aod 
probably  the  reducing  of  the  wheel,  in  consequence  <kf 
the  greater  extent  of  paddle  surface  that  can  be  en* 
ployed,  the  paddle  boxes  may  be  considerably  lowerW. 
The  an^le  formed  by  Mr.  Poole's  arrangement,  we  kaot 
has  been  obtained  before  by  Mr.  Steenstrups,  Mr,  Old- 
ham, and  others ;  but  it  has  hitherto  been  the  result  of 
intricate  trains  of  wheels,  endless  chains,  8ic,  &c.;  the 
expense  of  making  which,  the  loss  by  friction,  the  liability 
to  injury,  and  theditliculty  of  reparation  in  complex  ma- 
chinery,' are  very  sufficient  reasons  why  their  invcntlotf 
have  not  been  carried  into  practice.  The  same  beneficial 
angle,  however,  is  got  by  Mr.  Poole's  eccentric  rail-roa^i 
and  is  obtained  by  a  mere  lever  connecting  the  paddle 
axis  and  the  rail-road,  which  is  traversed,  as  the  wheel  i» 
driven  round  by  a  guide  pin,  at  right  angles  to  the  end  of 
the  lover;  and  to  prevent  the  noise,  which  was  found  to 
proceed  from  friction  wheels,  pieces  of  thick  sole  leather, 
cut  round,  with  a  hole  in  the  centre,  are  kept  upon  tl>' 
guide  pin,  and  screwed  together  upon  it,  so  light  »d^ 
hard,  as  to  bear  the  friction  of  the  rail-road  circles,  iritl>- 
out  injury,  for  a  great  length  of  time,  and  which  quicklj 
assume  a  hardness  and  polish  with  use,  that  will  atm«^ 
defy  wear.  This  is  a  subject  in  which  I  am  mucb  lO" 
teresled,  being  one  of  the  Committee  of  Management  «rf 
the  River  Witham,  who  are  most  anxious  togivetrcr) 
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ftciiitv  in  (hcii-  power  to  steatii  vessels  navigating  the 
Hlihani,  though  they  are  cudipelled,  from  the  present 
striicliiro  of  t!»e  vestseU,  to  limit  the  rate  of  speed  to  4| 
milc^  per  hour,  in  the  lirnt  nine  miles  fruiu  l^irtcoln,  for 
fear  of  injury  to  the  banks,  iu  consequence  of  the  reduced 
scale  of  that  part  of  the  river. 


Description  of  Sieain  Vessefs  navigating  the  River  Withain, 
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abcdef^  as  shown  in  the  en^ravmip;  in  the  subse- 
ijuent  pa^e,  are  the  paddles,  which  turn  round  upon  their 
axes  33  the  lar^e  wheel,  to  which  they  are  applied,  re- 
volves, h  h  h  h  h  ky  are  tie  rods  to  the  two  sides  of  the 
wheel,  f  1 1  t ,  are  the  concentric  rings,  with  an  opening; 
op  groove  between  them,  which  forms  the  path  or  railway 
for  the  cranked  arms,  k  k  k^  io  travel  in.  The  centre  of 
(he  gfuidc  rings  or  railway  being  eccentric  to  that  of  the 
wheels  causes  the  paddles  to  assume  the  positions  repre- 


Tlic    average   speed    in  Ihc  above  Tahlv    mwsi    tiot    be    looker] 

ipoii  as  wliat  only  can   be  accoTnplishecl,  the  Umit  of  tpced^  before 

bentioneH,  being  the  occasion  of  it.    In  the  lower  part  of  Ihe  river, 

here  tlie  width   is   from  90  to    100  feet  ni  surface,  and  ncven  to  ten 

'eel  deep,  the  Countett  of  Wm-wxck  can  go  eujki  miteM  per  hour  welt, 

u  iti/l  water.     The  Witham,  uhon  put  down  by  loading  to  four  feet, 

hich   Mil*  has  been,  gOM  surprisingly  better;  thereby  showing  the 

dvantnge  derived  by  a  deeper  leverage.     The  coiisuniplion  of  coals 

Mnt^d.  is  in  going  down  tn  Unsinn  one  dav,  and  rttnrning  the  next. 

22.  '  3  H 
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sented,  which  are  found  to  be  best  adapted  to  the 
of  the  vesHpl.     The  paddlp  c,  is  suppo**ed  to  be  juM  dip* 
ping  into  the  water,  ivliilc  d  is  deeply  immersed,  andiii 
Ju:9t  emerging;  from  the  water. 

Fig.  '?,  gives  an  underside  perttpeclive  view  of  a  paMHH 
Meparately,  k  being  (he  cranked  arm,  connected  at  noel^l 
to  the  axis  a,  and  at   ihc  other  to  the  anli-frietion  roller 
before  mentioned,   which   traveU  in    the   groove  of  ^^ 
railway. 

Patent  Propelling  Apparatus^  by  Mr,  Jacob  Perkins*  18ff- 

(>n  the  same  day  as  the  last-described  in%cntiiHi  W 
enrolled,  Mr.  Perkins  deposited  his  specification  of  iW 
following  mode  of  propelling,  which  iai  materially  diCerrtt 
from  all  others  that  have  preceded  it.  Mr.  Perkins  placet 
each  of  his  paddles  on  the  extremity  of  a  radiating  ai«i 
in  such  a  position  that  its  plane,  if  produced  towanblW 
centre  of  motion^  would  make  wUJi  (he  axis  of  the  paddle* 
wheel  an  angle  of  45  degrees.     The  axes  of  the  paddle 


not  carried  across  the  vessel  in  the  cusioiimry 
[but  arc  carried  in  a  direction  sloping  towards  the 
Ld  they  meet  at  a  point  in  a  straight  line,  drawn 
■I  to  stern  along  the  middle  of  the  vessel,  making 
{in  angle  of  45  degrees,  and  with  each  other  an 
I  90  degrees.  On  the  extremities  of  the  axes  are 
|(vel-wheels,  which  act  upon  each  other,  or  ure 
ltd  upon  by  an  intermediate  bevel-wheel  in  con- 
^ith  the  steam  engine,  or  first  mover. 
(i  arrangement,  the  surface  of  each  paddle,  when 
ft  in  the  water  at  its  greatest  depth,  is  perpendi- 
khe  side  of  the  vessel,  or  to  the  line  of  motion,  as 
led  at  c,  fig.  ],  in  the  annexed  cut;  at  their 
Felevation,  each  paddle  is  parallel  to  the  line  of 
•a  at  e;  and,  when  in  the  horiKontal  position, 
[lascending  or  descending,  the  paddles  present  an 
f  about  45  degrees;  and  from  (his  angle  it  de- 
it  little,  when  in  the  act  of  entering  or  leaving  the 
I  the  patentee  purposes  to  iminer»e  the  wheel  to 
le-fourth  of  iU  diameter. 


Ir 


laj^ram  fii;.  2,  is  intruded  to  rcprtsfiil  tlie  outline 
of  »  vessel  ullh   these  [laddlrs  nltachrd.     a  the 
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boat;  b  It  Ihc  paddle  axles,  to  which  a  uniform  motion 
is  given  by  the  engine,  throug;h  the  medium  of  the  bevet 
gear  which  connects  Ihein;  c  c  are  two  of  the  paddle:}  in* 
mersed  in  the  water,  and  in  the  act  of  propelling;  dil^tt^ 
undjjf  are  those  paddles  which  succeed  each  other  in  the 
revolution.  The  oblique  action  of  the  blades  of  the  pad* 
dies,  as  they  perforin,  their  revolutions,  will  be  underatood 
by  reference  to  fig.  I,  before  explained,  wherein  the  pad- 
dles are  marked  by  the  same  letters  as  in  tig.  2,  to  whichi 
therefore,  the  observations  already  made  will  apply. 

By  (his  method  of  causing  the  paddles  to  enter  and 
leave  the  water  in  an  oblique  position,  it  is  presumed 
that  the  agitation  of  the  water  will  he  very  slight,  and 
the  consequent  loss  of  power  proportionally  trifling;  and 
it  will  readily  be  admitted,  that  paddles  of  this  constriK- 
tion  have  the  important  advantage  of  being  equally 
simple,  a  circumstance  which  will  render  them  » 
durable  as  those  of  the  ordinary  construction.  Oii  the 
other  hand,  it  has  been  contended,  that  a  considerable 
portion  of  the  power  employed,  is  wasted  by  the  ob- 
lique position  in  which  the  paddle:^  arc  made  to  revolve; 
on  the  groiiud,  that  if  this  obliquity  '*  were  carried  to  the 
extreme,  (and  there  can  be  no  maximum  of  effect  obtain- 
able by  limiting  it  to  4.5,  or  any  other  number  of  degrees,) 
it  would  entirely  prevent  the  agitation  of  the  water,  at 
ihe  very  moment  when  the  motion  of  the  wheels  would 
entirely  cease  to  have  any  efTect  in  propelling  the  vessel.' 

The  writer  of  this  reiimrk  does  not  appear,  however,  to 
have  taken  into  his  consideration,  that  by  the  diminish^ 
resistance  of  the  water,  owing  to  the  oblique  action  of 
the  paddles,  they  will  rotate  quicker;  the  loss  or  gai** 
uill  then  be  as  the  increased  friction  of  the  latter,  is  t<^ 
the  waste  of  effect  by  the  radial  position  of  the  comraon 
paddles.  We  annex  an  account  of  some  experiment* 
made  with  Mr.  Perkins's  paddles,  recently  publi-hcd  •* 
the  Journal  of  the  Franklin  Institute,  which,  if  corre«*t 
exhibits  the  invention  In  an  important  point  of  view. 

*'  Those  who  have  witnessed  the  Chinese  method  of  sew** 
ling,  must  be  strongly  impressed  with  the  superiority    ^^ 
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thm  over  (he  European  ap|)li€)ttioii  uf  the  oar.  The 
letion  of  Mr.  Perkins's  wheel  is  not  unlike  thai  of  (he 
Chinese  scull;  in  fact,  the  only  diflVrence  is,  that  the 
(Dofion  of  (he  scull  is  reciprocating,  thai  of  the  paddle- 
Kheel  in  question,  rotary;  the  rotary  motion  being;  clearly 
preferable,  inasmuch  as  the  frequent  change  of  motion  in 
the  scull,  is  so  much  waste  of  power. 

''Comparative  experiments  with  the  common  and  with 
(he  newly-invented  wheel  alternately  used  in  the  same 
boat,  have  shown,  that,  even  at  a  shallow  dip,  the  most 
appropriate  to  the  common  wheel,  there  is  a  very  impor- 
tant gain  with  the  wheel  of  Perkins.  But  when  the 
wheels  are  each  of  them  immersed  to  one-third  of  their 
diameter,  (perhaps  an  averagje  dip  for  sen-going  ves^eb,) 
ihe  advantage  attending  this  newly-invented  wheel  is 
scarcely  credible. 

*' The  experiments  alluded  to  were  made  in  the  pre- 
sence of  an  eminent  engineer,  and  were  as  follows  : — a 
boat  was  propelled  by  a  weight  falling  a  certain  distaDce, 
attached  to  a  line  turning  an  endless  band,  running  over 
t  pulley  fixed  on  a  shaft  connecting  the  paddle-wheels. 
Two  sets  of  paddle-wheels,  one  on  the  common^  the  other 
on  Perkins's  principle,  were  put  in  succesj^ion  into  the 
boat.  The  two  sets  of  wheels  were  nearly  of  the  same 
weight,  any  little  advantage  in  this  respect  being  in  fa- 
vour of  the  common  wheel.  The  boat  moved  round  u 
basin  of  water  measuring  within  36  feet. 


••  Old  Pmlitltt. 
<*  Ut  Experiment      6    rotations     216  feet 
26         do.  6}     do.  207 


114 


423 


in  .3.40' 
3.40 

7.20 


"  A>w  PatLUes. 

■*  lat  Experiment     Id}  rotntioiia     567  feet     in  S'.m" 

2(i         do.  15       do.  540  8.25 


15 
304 


540 
1107 


16.41 


"In   these   experintenls,  the  weight  supplied  the  force 
Offfltittin.     They  show   that   the  banie  ij^uantily  of  steam 
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steam  will  proju*!  n  boat  with  Pcrkin»*8  paddlps  llOTfiM 
in  1(3,41',  wiiirli  uitli  the  common  paddlm  ino«^*d  oth 
4'2S  feet  in  7  .20  .  The  saving  in  fuel,  therefore,  appmi 
to  be  upwardH  of  three  in  &\e;  ^\\\  bein|r  the  moietvW 
4S3,  nnd  $11  and  a  fraction  being  the  fifth  of  1107.  Q%m 
and  above  the  saving  in  fuel,  these  experiments  the*  u 
increased  speed  of  about  15  per  cent,  or  a  saving  in  iimt 
of  nine  minutes  in  an  hour.  For  16.41"  :  1107  ::  7.90  >» 
48^),  a  firain  of  (is  feet  on  423. 

"  Facts  are  stubborn  things,  opposed  as  they  nmy  belt 
the  theories  of  men  of  acknowledged  ability.  It 
asserted  by  certain  eminent  engineers,  that  the 
wheel  admits  of  but  little  improvement.  If  it  cannot  b* 
demonstrated  that  much  power  is  lost  by  the  coaMBM 
wheel,  then  would  tho»e  engineers  be  borne  out  in  ibtir 
dictum.  But  recent  experiments,  in  England  and  Aas* 
rica,  prove  the  loss  of  power  with  the  comm(»n  wbrel  I* 
be  very  much  greater  than  had  hitherto  been  iraagiaad. 
If  the  loss  were  trifling,  could  a  single  horse,  on  a  io«ta|t 
path,  do  the  work  of  a  six  horse  engine  in  the  boali 
Could  two  horses,  attached  to  the  hawser  of  a  boat  Biovf4 
by  a  25  horse  power  engine,  neutralise  the  power  of  tbf 
engine,  stay  the  progress  of  the  boat,  nnd  occasioMll; 
give  her  stern  way?  Theae  facts,  however,  are  aelJ 
authenticated. 

^*  Engineers,  wlio  believe  in  the  perfection  of  propel* 
ling  machinery  on  the  old  plan,  exulting  reply  to  that 
facts,  by  making  abstract  inquiries;  such  as,  whether  t 
vessel  can  move  as  fast  as  the  periphery  of  the  wheel  hj 
which  she  is  propelled? — whether,  if  u  boat  aaove 
fif\hs  as  fast  as  the  periphery  of  the  wheel,  it  is  nol 
dered  fair  speed? — and  then  jump  to  the  concluaion,  ibat 
the  whole  loss  of  power  cannot  exceed  one-fif^h,  and  ihat, 
allowing  for  friction,  it  is  absurd  to  expect  to  save  Meb 
of  that  small  proportion  by  any  improt ement.  That  tha 
conclusion  is  premature,  the  following  remark^  are  ta- 
tended  to  prove. 

•*  Let  it  be  supposed  that  a  paddle-wheel  can  be  aa^ 
of  such  power,  and  to  have  such  hold  on  the  walCTi  m  Ijk 
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move  only  oiie-bundredth  part  faster  at  its  periphery  than 
■be  vessel  it  propels.  The  difference  in  such  case  between 
the  relative  velocity  of  the  wheel  and  the  veiisel,  would 
be  as  99  to  100.  It  is  true,  the  umgnitude  of  the  wheel 
would  require  steam  power  in  proportion,  and  then  the 
remedy  would  be  as  bad  as  the  disease,  but  ihe  case  is 
practicable.  To  suppose,  therefore,  that  the  loss  of  power 
k  only  as  the  relative  movement  of  the  wheel  and  of  the 
lK>at,  is  as  absurd  as  it  would  be  to  assert,  that  inasmuch 
as  the  carriage-wheel  and  its  body  move  with  equal  velo- 
city, it  matters  not  what  load  the  carriage  contains.  In  the 
one  case,  the  speed  or  draught  of  the  horses  must  be  in- 
treased,  so  in  the  other  must  the  e>team  power. 

'^  We  will  cont^ider  the  subject,  however,  in  a  more 
tangible  shape.  There  are  four  kinds  of  water  wheels,  of 
which  the  undershot  assimilates  more  to  the  paddle-wheel 
than  the  others;  and  the  undershot  wheel,  it  is  acknow- 
ledged, loses  two-thirds  of  its  power;  that  is  to  say,  if 
three  pounds  of  water  fall  one  foot  on  an  undershot 
wheel,  it  will  not  communicate  impetus  sulticient  to  raise 

ore  than  one  pound  to  the  height  of  the  fall.  Let  us 
txamine  these  data  in  three  points  of  view,  with  relation 
to  the  paddle-wheel. 

'^  1st.  The  undenihot  wheel  is  propelled  by  water  de- 
scending on  it. 

*^2dly.  The  water  so  falling  is  so  directed  as  to  strike 
the  iloat*boards  at  right  angles  with  their  surface. 

*^3d]y.  Although  the  power  is  communicated  by  water 
noving  at  a  quicker  rate  than  the  wheel,  yet  so  soon  as  it 
bas  communicated  a  portion  of  its  impetus  to  the  wheel, 
Ihat  quantity  of  water  left  on  the  tloat-boards  and  hur- 
ried round  with  the  wheel  is  dead  weight,  and  serves  only 
to  impede  the  wheels  velocity,  and  so  to  diminish  its  power. 
'  *']nall  these  particulars,  the  disadvantage!)  attending 
the  common  paddle-wheel  are  greater  than  those  above 
lletcribed. 

*^  1st.  The  water  cannot  descend  upon  a  wheel  revolv- 
(tig  on  a  plane  of  water. 

"  Sdly.  The  paddles  do  not  strike  the  water  at  right 
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angles  with  iheir  surface;  yet  the  impetus  given  hy  iLe 
first  padHle  is  the  principal  power,  inasmuch  as  it  k  ex- 
erted on  undisturbed  water  all  the  others  moving  in 
water  previoLisly  disturbed. 

*'3dly.  The  inert  body  of  water  between  the  paddlw, 
carried  round  by  the  wheel,  must  be  greater  than  ibil 
taken  up  by  the  undershot  wheel.  And,  above  all,  tli« 
backwater  is  far  more  considerable  with  the  paHdleiithan 
with  the  undershot  wheel. 

"  Now,  if  (he  loss  of  power  with  the  undershot  wlieclii 
allowed  to  he  two-thirds,  and  it  has  been  dcnionstratwi 
that  the  loss  by  the  paddle-wheel  is  greater  than  with  tbe 
undershot,  the  result  of  the  experiment  herein  $>tatcd  will 
be  the  less  didicult  of  belief,  and  efforts  to  improve  the 
paddle-wheel  be  less  open  to  be  characterised  asvisioniry 
and  unprollluble. 

"Mr  Perkins's  improvements  remedy,  in  a  great  de* 
greo,  the  losses  of  the  common  wheel,  whether  by  indirtct 
action  or  by  backwater.  The  paddles  are  made  to  enter 
and  leave  the  water  edgeway ;  when  at  the  lowest  rotulioti 
of  the  wheel,  their  action  is  at  right  angles  with  the  keel; 
each  paddle  enters  Into  and  moves  in  water  undisturbed 
by  atiy  preceding  paddle;  and  thus  every  paddle  immersed 
is  doing  service,  though  in  different  degrees,  at  the  same 
moment. 

**  The  new  paddles  show  the  greatest  proportionate  id- 
vantage  when  one-third  and  upwards  of  their  diaroeterP 
imm-rsed.  This  degree  of  immersion  would  ordinarilT 
amount  to  from  seven  to  eight  feet,  instead  of  two,  lb* 
advantageous  dtp  for  the  common  paddle.  The  re^islanc^ 
of  water  being  so  mnch  greater  at  the  depth  of  eight  fe*' 
than  it  is  at  two,  too  much  importance  cannot  be  altacbed 
to  this  material  distinction  between  the  two  mode^ofprf^ 
pelting — Perkine*s  paddle  being  made  more  in  thesbap^ 
of  an  oar-blade  than  of  a  float-board. 

**  As  Perkins's  paddles  do  not  strike  the  surface  of  ^be 
water  with  their  flat  sides  on  entering  it,  the  constant  tr<*- 
mulous  motion  experienced  in  steam  boats  will  be  obvifl* 
ted.     So  violent  is  the  concussion  in  a  heavy  sen  with  tiJ*' 
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CuiDinon  paddle,  or  i(  the  w keel  be*  iimkIi  imnKTst**!,  that 
ibe  destniclion  of  the  paddle,  and  even  of  llie  shatt,  or 
part*!  of  the  connecting  gear,  are  not  unfroqiienl  occur- 
rences.'' 


» 


Apparatus  for  Propelling  Sleam  Boat.%  by  Adolpk  Heil- 
bronn.     New  York,  1 829. 

Some  experiments  with  this  apparatus  having  been  re- 
cently made  at  New  York,  which,  it  is  said,  were  attended 
with  satisfactorv  results,  we  are  induced  lo  include  a  de- 
scription of  it  in  this  part  of  our  work  ;  we  are,  however, 
not  %ery  sanguine  a3  to  ils  success,  the  partis  being  too  nu- 
merous, and  very  liable  lo  injury  and  rapid  wearing  away, 
to  last  any  considerable  time  in  working  order.  Never- 
theless, should  Mr.  Heilbronn  succeed  in  establishing 
their  utility  or  advantage  over  the  common  wheel,  it  i^ 
but  right  to  notice,  that  Mr,  James  Dawson,  of  George's 
Place,  Dublin,  took  out  a  patent  for  precisely  the  same 
invention,  more  than  ten  years  previously,  a  full  description 
of  which  is  given  in  the  forty-third  volume  of  the  Reper- 
tory of  Arts,  Second  Series. 

The  revolving  motion  given  to  lliesf  paddles  <lilTers 
altogether  from  that  which  has  been  contrived  with  u 
▼lew  lo  their  dipping  into,  and  emerging  from  the  water 
vertically.  The  paddles,  or  buckc^t^,  in  Mr.  Heilbronn's 
wheel,  are  each  fixed  upon  an  arm  which  radiates  from 
the  centre  of  the  wheel,  ns  may  he  distinctly  seen  by  a  re- 
ference to  the  engraving. 

In  a  wheel  so  constructed,  the  paddles  may  be  made  to 
enter  the  water  edgewise,  and  be  turned  so  as  to  act  upon 
it  at  any  point  which  may  be  preferred.  The  paddles 
which  are  out  of  the  water  are  all  feathered,  or  turned 
edgewise,  so  as  to  experience  but  little  resistance  from 
the  wind,  and  to  require  a  very  shallow  box  or  casing  (o 
protect  them  on  each  side  of  the  boat.  A  wheel  of  this 
description  may  be  immersed  in  water  to  any  depth  which 
nwy  be  required,  or  it  may  be  entirely  under  water,  w  here 
the  depth  is  sufficient:  should  sticli  a  mode  of  ftxing  It  be 
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thought  advisable,  the   progress  of  the  boat  miU 
little  impeded  thereby. 

One  great  advantage  anticipated  from  these  paddles  i^ 
the  avoiding  of  thoite  numeroim  and  perpetual  concusMM 
produced  by  the  striking  of  the  water  by  the  ordinuy 
floats,  which  causes  a  continued,  distressing,  and  very  0^ 
jurious  tremulous  motion.  They  enter  by  their  edges,  and 
are  gradually  brought  into  action. 

The  number  of  revolving  paddles  to  be  used  will  li 
best  determined  by  experiment. 

Figure  1,  represents  one  of  the  said  wheels  of  eigfcl 
arms  or  paddles,  as  it  appears  when  in  a  finished  stale, 
and  as  applied  to  the  side  of  a  vesnel;  and  6gur«  3|  iii 
view,  on  a  larger  scale,  of  the  central  part  of  tbe  mH 
wheel,  as  seen  from  the  opposite  side,  or  that  ocareal  M 
the  vessel,  fur  the  purpo^ie  of  showing  how  the  paiUlf* 
arms  are  held  and  supported  in  their  places,  and  yel  prr- 
mitted  to  turn  or  feather  at  tbe  proper  instant,  while  tk 
whole  wheel  turns  round  ;  and  figure  3,  is  a  section  of  iW 
same  part  of  the  paddle*wheel,  as  is  shown  b)  figure^ 
and  likewise  of  the  piece  G  G,  which  h  called  ibe  wipir 
carriage,  which  is  itnmoveably  fixed  to  the  Hide  of  tW 
vessel,  for  the  purpose  of  producing  the  turning  or  f(t- 
thering  of  the  paddles  at  the  proper  moment.  In  ihm 
several  figures  AAA  A,  is  a  circular  disk  or  plate  of 
cast-iron,  having  a  rim  or  ring  B  B  B,  rising  on  one  mA$ 
to  a  sufficient  height  to  give  strength  and  solidity  to  xhf 
said  circular  plate,  and  also  to  take  the  brasses  CCQ 
through  which  the  paddle-arms  or  axis  D  O  D  D  are  ptf- 
mitted  to  turn.  The  central  block  of  metal  E,  may  be 
cast  in  one  piece  with  the  disk  or  plate,  but  will  b«  bcdir 
detached,  and  afterwards  fixed  to  it  by  screw  bolts,  « 
shown  in  the  section,  fig.  3,  because,  when  detached,  iW 
brass  sockets,  or  steps  a  a  a  a^  for  receiving  the  iDoerro^ 
of  the  paddle  arms  or  axis,  can  be  more  accurately  bcrti 
and  fixed.  The  disk  or  plate  A  A  A  A,  with  its  centic 
block  E,  forms  the  centra)  part  of  the  paddle-whail* 
which  must  be  firmly  keyed,  or  otherwise  fixed  upon  tia 
main  shaft  F  F,  which  derives  its  rotary  motion  from  aT 
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turning  or  tVatlicring  of  the  paddles.  To  effect  Ch»f«  lk« 
outer  face  of  the  wiper  carriage  presents  two  anoubr 
^urfacesty  a^i  seen  at  c  and  d,  in  fig.  4,  (which  »  ■  frnai 
view  of  it,)  and  a  part  of  them  is  cut  nway,  as  at  c  c,  tm 
greater  or  leys  extent,  according  to  the  period  at  whicliil 
may  he  desirable  to  make  (he  paddles  turn  or  featWr. 
The  wipers  or  projections  on  the  axes  of  tbeae  paHJJi^ 
are  projections  of  steel  or  other  metal,  croonn^attch  otWi 
so  as  to  project  at  right  angles  from  the  axes  of  the  pa^ 
dletf,  and  as  these  wipers  come  into  contact  with  one  «f 
other  of  the  annular  surfaces  c  and  d,  fig.  4,  and  also  aeca 
in  fig.  2,  the  several  paddle  axes  will  each  make  a  quartir 
turn  or  revolution.  Thus  the  five  wipers  z  z  z  2  x^  fif.t) 
lie  wilh  their  flat  surfaces  upon  (he  annular  surface  c of 
the  wiper  carriages,  but  that  surface  is  cut  away  l>etireca 
e  niul  e^  (as  is  more  distinctly  seen  in  fig.  4,)  and  the  iaaer 
annular  surface  d  then  presents  itself,  and  acts  upon  (A» 
wipers  z  z,  to  turn  them  round  ;  consequentljr,  the  mam 
wipers  J/ y  y,  will  now  assume  the  flat  position,  and  «ii 
continue  in  it,  until  they  are  again  brought,  by  the  paotiaa 
of  the  wheel,  into  contact  with  the  ends  of  the  outer  a*- 
nular  surface  c.  It  will  thus  be  seen,  that  by  enlargiaf 
or  contracting  the  opening  er,  fig.  4,  and  with  it  the  iaacr 
annular  surface  </,  that  one,  two,  or  more,  of  ihc  pwhto 
may  be  made  to  stand  at  right  angles  to  all  the  mt,  wai 
thus  that  any  number  of  paddles  may  be  made  lo  mem 
through  the  air,  and  to  enter  into  and  come  out  of  iW 
water  u  ith  their  thin  edges  forward,  while  the  reaaindtff, 
or  those  that  arc  under  the  water,  will  remain  stcaiUlyli 
that  position  in  which  they  are  most  eflTective  for  the  ptf« 
pose  of  propelling,  a^t  is  distinctly  shown  by  the  nuaaar 
in  which  the  paddles  are  arranged  round  the  whrrl,ai 
fihown  by  fig.  1.  It  will  be  necessary  to  employ  spriap 
to  present  the  blow  and  concussion,  which  would  other* 
wise  take  place  between  the  wipent,  on  th«  axes  of  tW 
paddleit,  and  the  ends  of  the  wiper  carriage,  upun  whl^ 
they  strike,  and  by  which  they  are  turned  round;  and  tW 
best  application  of  such  springs  U  to  ow  tho«e  uf  iW 
»|iira]   Kind,   of  considerable  strength,  and  lo  iutrodeoi 


paddlk-wiibels. 


509 


them  inlu  round  holes  very  nearly  fitting  them,  dnd  drilled 


Ihe  ends  of  iht 


[per 


hich   first 


to 


comes  1 

contact  with   the   wipers.     The  spring  being  introduced 
iato  the  hole,  a  cylinder  of  hard  steel,  just  fitting  the  hole, 
is  placed  upon  it,  and  there  fixed  by  a  pin  driven  through 
a  chased  mortise  hole  in  the  said  cylinder,  in  such  a  man- 
ner that   the  8aid   cylinder  can   fall  wholly  into  the  said 
hole  when  pressed   upon,  but  without  such  pressure^  will 
project  about  half  an  inch,  or  rather  more,  out  of  the  said 
hole;  and  as  the  said  wheels  are  so  fixed  as   to  require 
ctses  to  protect   them,  as  in   ordinary  steam   boats,  such 
eases  may   be   formed   of  light   iron-work,  covered   over 
with  slight  iron  bars,  or  with  strong  wire-work,  because 
luch  open-work  cases  do  not  oAer  the  same  resistance  to 
(be  wind  and  water  as  close-boarded  cases  do;  and  more- 
over, they  have  the  etfect  of  much  more  efifeclually  break- 
ing the  force  of  the  waves  when  they  drive  against  them. 
Bars  or  rods,  with  points  upon  them,  are  also  fixed  to  the 
insides  of  such  cases,  causing   the  said   points  to  come  as 
vearly  as  possible  to  the  paddles  and  paddle-axes  without 
touching  them,  for  the  purpose  of  clearing  oflf  any  weeds 
that  may  attach   to   the    paddles,  and   likewise   to  protect 
them  from  striking  against  any  timber,  ice,  or  other  float- 
ing substances,  by  which   the  paddles  of  steam  boats  are 
frequently  broken  or  injured. 

The  claims  of  the  inventor  are.  First,  to  the  frame-work 
or  wheel,  as  above  described,  for  holding  the  patent  pad- 
dles. Secondly,  the  introduction  of  springs  to  act  upon 
the  wipers.  Thirdly,  the  paddle-box,  made  of  open  wire- 
vork,  net,  or  cross-bars,  with  projecting  pieces,  or  points, 
to  clear  the  paddles. 

From  the  cautious  wording  of  thune  claims,  it  is  evident 
bat  Mr.  Heilbronn  was  acquainted  with  Mr.  Dawson's 
tent  wheel.  The  latter  gentleman,  in  his  letter  to  the 
tditor  of  (he  Repertory,  before  alluded  to,  says,  very 
ndidly,  *'  It  has  been  fairly  objeitf^d  to  wheels  on  the 
|»ove  construction,  that  they  are  expensive,  complicated) 
od  work  with  much  more  friction  than  common  wheels,** 
d  to  obviate  these  objection*:,  he  purpnges  an  arrange- 
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ment  of  greater  simplicUy,  of  nhich  a  conception  iB«yW 
formed  by  the  following  description.  Each  paddle  of  ihii 
wheel  is  formed  of  two  boards,  posited  at  a  c«niii 
angle,  face  to  face,  on  their  respective  axes,  leavini;  onff 
a  space  sufficient  for  the  free  escape  of  the  water  l»el«(n 
them;  in  this  position  they  are  retained  Hy  stops  fraa 
opening  further.  When  the  wheel  rerolvea,  llie  vaAcf 
acting  on  the  broad  surfaces  of  the  paddles,  coomv  lhe«  (• 
close  as  they  enter  the  water,  and  to  remain  so  uotil  tk) 
begin  to  riseoutof  it,  when  the  weight  of  the  water  lodgift^ 
on  the  narrow  surface  only,  causes  them  to  open,  aad  ii 
consequence,  the  water  falls  through  without  being  Vifiti. 
We  should  have  given  a  diagram  of  this  wheel.,  whA 
has  the  merit  of  simplicity,  had  it  afforded  any  efectitt 
means  of  backing  astern;  (he  water  presenting  •caretly 
any  resistance  to  the  backward  motion  of  the  paddU- 
This  is  a  strong  objection  to  its  use;  and  there  is  aaolWr, 
namely,  the  concussions  of  the  paddle-boards,  a«  Ibeytst- 
cessively  come  in  contact  in  closing,  an  effect  not  mh]; 
aroided,  without  departing  from  simplicity, — a  qadilj 
of  the  utmost  importance  in  all  machinery,  but  mott 
cially  in  a  paddle-wheel. 

Patent  Propelling  Machinery  y  by  William  If  ah,  i/OP 
Chester.     1830. 

Mr.  Hale  purposes  to  employ  a  paddle-box  entfrth 
filled  with  water,  and  made  air-tight,  except  at  thecct- 
(re,  where  there  are  one  or  more  apertures  for  the  adoii* 
■ion  of  water,  and  at  (he  circumference,  where  lher«tr» 
one  or  more  openings  for  its  escape.  The  centrtfi|tl 
force  of  the  paddles  acting  on  the  water  within  the  Wi^ 
produces  a  pressure  all  round  the  interior  of  the  bat* 
which  gives  a  tendency  to  move  in  a  direction  opposiulc 
the  side  where  the  opening  is  made  in  the  circumferrMt; 
whilt*  the  same  cau'ie  accelerates  the  entrance  of  the  wil" 
into  (he  box,  which  is  produced  in  the  first  instance  bjtW 
paddle-box  being  placed  within  (he  veaiel,  mnd  lo««r 
than  (he  exterior  water. 


Pig.  K  represents  one  modification  oT  the  apparutu^i, 
I  consists  of  an  air-tight  circular  casing  a  a,  conlainin^ 
r  arms  c  c  c  c^  which  revolve  horizontally  on  a  vertical 
B  by  placed  eccentrically  with  respect  to  the  casing :  at 
extremities  of  the  arms  are  fixed  four  curved  vaues  or 
dies  d  d  d  dy  inclined  in  the  manner  represented  in  ttie 
wing.  The  water  enters  the  casing  through  the  holes 
e,  and  is  expelled  by  the  revolution  of  the  paddles 
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through  ihe  opening  y,  against  the  exlernal  wnlcf  at 
stern,   which  of  course   impels  the   vessel  in  m  coolrii 
riiroction. 

Fig.  2,  IS  another  moiltOcation  of  the  apparatus.  In  ihkf 
similar  leUei"s  of  reference  indicate  similar  parts,  wiibMlf 
these  (liflferences  in  Ihe  arrangement,  that  the  water  i*  ft* 
ceived  nt  one  large  aperture  in  the  centre  of  the  vaaca,ita 
line  of  direction  of  thr  discharge  being  a  tangent  tolW 
circle.  The  dotted  lines  at  g  denote  a  tube  leadiaif  fra^ 
the  bottom  of  (he  vessel,  through  which  the  water 
into  the  paddie-hox  ;  and  it  may  be  supposed,  thai 
tubes  are  employed  in  the  first  described  plan,  for 
ducting  the  water  into  the  paddle-box. 

Another  modification  is  represented  in  tne  specil 
in  which  the  water  is  expelled  through  two  apertures  m* 
wtead  of  one;  and  it  is  stated,  that  the  paddle*  mi^bl 
either  placed  vertically  or  horizontally,  according  to  iW 
form  of  the  space  uhich  they  are  designed  to  occapfil 
the  vessel. 

It  is  difficult  to  diiicover  the  advantages  which  the  pf 
tentee  expects  to  gain  by  these  contrivances;  we  (Mff 
that  the  power  required  to  produce  in  a  large  bod^rf 
water,  such  us  the  contents  of  one  of  his  paddle-boxa^i 
rotatory  motion  of  sufficient  velocity  to  produce  an  atadj 
able  centrifugal  force,  would  be  too  great  to  render  thi 
plan  desirable  in  point  of  economy. 


Method  of  Re^datins:  Ihe  Movement  of  Steam  V^Math^ 
rented  by  ^fesftrs.  /,  and  C.  CarmickaeL 

We  shall  now  present  our  readers  with  a  de«cripl 
an  apparatus  which  has  been  found  very  useful  ia 
ling  the  motion  of  the  propellers  to  steam  boats. 

The  object  of  this  contrivance  (as  described  by 
inventors,)  is  to  regulate  the  motions  of  the  «team  T< 
in  a  more  easy  manner  than  heretofore.  By  the  sivptl 
motion  of  a  small  handle,  or  index,  placed  on  ■  tahlJ 
upon  deck,  in  view  and  in  hearing  of  the  man  at  the  h«^ 
and  of  the  master  of  the  vessel,  everv   movement  si* 


the  engine  is  capable  of  giving  to  the  paddle-wheel  may 
b*ai  once  commanded.  The  vessel  may  be  moved  for- 
wards or  backward^,  or  may  be  retarded,  or  eiUirely 
stopped,  at  any  a^iveu  moment,  by  merely  turning;  the 
handle  lo  ihe  places  denoted  by  the  grndutions  of  a  dial- 
plate.  No  skill  is  required  Inr  Ihis  purpose;  so  that  the 
''"teter  himself,  or  a  sailor  under  his  directions,  can  per- 
form the  office  as  well  as  the  ablesl  enijineer.  Thus,  the 
'■'infusion  which  freqnently  arises  at  night,  in  callino;  out 
'**  ihe  engineer  below,  is  avoided,  and  any  anibiguity, 
■''t^ing  from  the  word  of  command  heinj;  tranjsmilted 
"""oiii^h  several  persons,  entirely  prevented,  In  point  of 
^<^l,  it  places  the  enj^ine  as  nmcli  tinder  command  as  the 
3?.  3u 
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rudder  is — an  undoubted  improvement  upon  (he  ciwatf 
mclhod  or  bawling  out  to  the  engineer  below,  who  rithcf 
may  not  hear,  or  may  chance  lo  Ix:  out  of  the  «iay*-<ir> 
cumslances  which  may  lead  to  the  most  iterious  accifleaU. 

*^  The  different  parts  of  the  machinery  are  not  cxsclh 
arranged  in  the  sketcli  an  they  aie  executed  in  ibe  uii 
boat,  but  we  hope  that  the  principle  will  be  better  nniiff 
stood  from  having  arranged  (hem  so  as  they  cau  be  bettrr 
seen  in  the  sketch  prefixed. 

^<  The  cylinder  and  jacket  are  ca^t  in  one  piece,  con* 
nected  at  the  bottom,  but  altogether  disconnected  at  tk 
top,  when  cast ;  the  vacancy  between  the  two  n  cloacdit 
the  top  by  an  iron  ring,  and  hemp  or  rust  packing  ia  tk 
joints.  The  steam  from  the  boiler  enters  bctwecfl  tW 
cylinder  and  jacket,  by  the  branch  A,  Bg.  1,  paaMa  r9wU 
the  cylinder,  and  communicatees  with  the  side  pipeC,ol 
the  valve-chests,  by  the  branch  B,  but  cannot  enter  (k 
cylinder  when  the  steam  ralves  D  D,  arc  abut.  Tb 
eduction  valves  E  E,  are  situate  below  the  »team  vaivca- 

**  The  steam  valve  rods  work  through  a  flax  packitu 
at  F  F,  and  are  made  hollow,  to  allow  the  eduction  valit 
rods  to  pass  up  the  centre  vi^  them;  they  are  alao  umh 
air-tight  by  a  tlax  packing  at  G  G. 

"  The  valve  lifteris  H  II  H  11,  are  fast  upon  the  lilVitf* 
rods  I  J,  only  one  of  which  con  be  properly  seen  ;  the  fool 
of  the  onu  farthest  from  the  eye  is  seen  at  the  rockini 
shaft.  One  of  these  rods  lifts  the  upper  steam  valve  aa' 
lower  eduction  valve,  and  the  other  the  lower  tittm 
valve  and  upper  eduction  valve.  The  lower  steam  ftlte 
and  upper  eduction  valve  are  represented  as  lifted  in  iW 
sketch. 

*•*  The  rocking-sbaft  K,  turns  and  return*  upon  )to 
centre  about  41)",  and  having  two  spanners  (or  pallet^) 
Li,  projecting  from  it  upon  opposite  sides,  cau)*««  tbc  liArr 
rods,  and  the  valves  connected  with  them,  to  rue  al(«c> 
nately.  The  lifier  rods  full  by  their  own  weight,  wU 
when  the  pallets  are  horizontal,  all  the  valves  are 
and  for  an  instant  of  lime  are  at  rest. 

**  Tlic  rocking  shaft  receives  its  motion  from  ai 
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'rie  wheel  M,  fastened  to  the  crank-shaf^.  The  fixing  of 
ihii  wheel,  with  relation  to  the  crank  and  valves,  is  a 
point  of  considerable  nicety,  as  upon  this  depends  the 
ofwiiing  and  shutting  of  the  valves  at  the  proper  time. 

"The  eccentric  rod  N,  is  supported  on  the  crank  shaft 
by  a  projecting  part  on  each  side  of  the  eccentric  wheel, 
turned  concentric  with  the  shafl  by  the  brass  pieces  O. 
The  four  rods  P,  pass  through  these  brass  pieces,  and 
slide  freely  in  them.  This  part  is  shown  in  the  section  at 
fig.  2,  with  part  of  the  crank  (or  paddle)  shaft,  and  the 
crank  on  one  end.  The  other  end  of  the  eccentric  rod  is 
supported  on  the  roller  Q;  and  as  the  crank  shnfi  turns 
round,  the  eccentric  rod  travels  backwards  and  forwards, 
a  distance  equal  io  double  the  eccentricity  of  the  eccen- 
tric wheel:  and  as  the  said  rod  is  connected  with  the 
rocking  shaft  by  the  double-ended  spanner  R  R,  on  one 
end  of  it,  consequently  the  rocking  shaft  will  travel  from 
one  extremity  of  its  arch  of  motion  to  the  other,  in  the 
ssioe  time  that  the  crank  shaft  makes  half  a  revolution,  or 
in  the  same  time  that  the  steam  piston  travels  from  the 
top  to  the  bottom  of  the  cylinder,  or  from  the  bottom  to 
the  top.  The  steam  piston  is  i-epresented  in  the  middle 
of  the  cylinder,  and  as  the  lower  steam  valve  and  upper 
eduction  valve  are  open,  the  piston  must  be  ascending; 
end  as  the  crank  is  connected  with  the  opposite  end  of  the 
walking  beam  (or  lever),  the  crank  will  be  descending. 
Bv  the  time  that  the  piston  has  reached  the  top,  and  the 
crank  the  bottom,  the  rocking  shaft  will  be  in  that  posi- 
tion where  the  pallets  upon  it  are  horizontal,  and,  of 
course,  all  the  valves  will  be  shut.  But  the  niompntum 
of  Ibo  paddle  (or  fly)  wheel  ciirrie:^  on  ihe  motion,  and 
immediately  the  two  valves  that  were  formerly  shut,  viz, 
Ihe  upper  steam  valve  and  lower  eduction  vahe,  are 
opened,  and  the  steam  presses  down  the  piston  with  a 
force  equal  to  the  difference  between  its  own  elnslicity 
and  the  elasticity  of  the  uncondeuRed  vapours  below  Ihe 
|]it>Con.  Thus  the  engines  will  continue  to  £1:0,  and  the 
paddle-wheel  to  turn,  in  the  direction  of  the  dart. 

**  But   lliiit  we   may  endeavour  io  explain   to   yon   the 
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method  ofstoppin^  or  reversing  the  motion  of  the  piAlU* 
wheel,  all  (hat  is  necessary-  U  lo  shut  all  the  vaUe*;  u4 
this  is  eft'ected  by  didenga«;iiig  the  eccentric  rod  fruvilM 
spanner  of  the  rocking  shaft,  and  the  %'aWt«  all  shal  e( 
their  own  accord,  by  the  weight  of  the  valves,  lifter  ro^ 
^c,  and  the  engine  will  btund ;  and  to  aet  tbe  eBfiw 
a-going,  either  the  one  way  or  the  other,  in  lo  lower  tkt 
eccentric  rod,  to  take  hold  of  the  doublc-ended  upaiurr 
on  the  end  of  the  rocking  shaft,  as  repre^rntrd  oa  ihe 
sketch,  and  then  the  paddle-wheel  will  move  in  the  dint- 
tion  of  the  dart,  or  lift  the  eccentric  rod  to  the  top  of  Ik 
spanner  on  the  rocking  shaft,  and  then  the  |>addlr«»M 
will  move  in  the  opposite  direction.  The  tM«  of  llw«^ 
tor-formed  appendages  T,  on  the  end  of  the  erccnlrk  rad, 
is  to  conduct  the  pins  on  the  ends  of  the  double-mM 
spanner  into  the  notches  adapted  for  ibeui  on  e«ch«»deil 
the  eccentric  rod. 

^'  The  hand-gearingy  for  starting  or  stoppiag  iW 
engines,  is  situated  upon  the  deck  of  the.  bofti,  awl  •!! 
concentrated  upon  the  top  of  a  small  table,  io  viewattdii 
hearing  of  the  man  at  the  helm,  or  the  ma^ter^  who  dimti 
both,  when  coming  to  the  quay. 

'^  1,  ■  double-ended  handle,  which  is  upon  ihe  apriffcl 
shaft  2,  on  the  lower  end  of  which  is  a  t>evel  wh^^ 
working  into  another  wheel  4  ;  this  wheel  is  on  a  l}ii$ 
shaft,  which  extendt»  from  the  one  engine  to  the  otWr, 
and  carries  on  each  end  of  it  a  spur  pinion  6,  which  piaiM 
works  into  the  rack  6.  There  is  a  similar  rack  connedtd 
with  the  eccentric  rod  of  the  other  engine,  into  which tk 
other  spur  pinion  works;  so  that,  by  turning  the  haadWh 
both  engines  can  be  started,  stopped,  or  rever«ed«  ailk 
the  greatest  facility  and  certainty  that  could  be  vttAd 
for.  These  bevel  wheels,  spur  pinions,  and  rack«,  atft 
be  Ro  proportioned  to  one  another,  as  that  two  cowpM' 
turns  of  the  handle  1,  will  raise  the  eccentric  rod  froatk 
lowest  to  the  highest  position.  One  turn  of  the  \uaA 
raises  or  lowent  the  eccentric  rods  into  the  blopping  pi** 
tion;  and  one  turn,  either  the  one  way  or  the  other, » 
circum<innces  re(|uirc  it,  •««'(«  (he  boat  a-head  ur  a^m- 
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There  is  a  projecting  piece  7,  fixed  upon  the  uprrglil 
•i/iaff,  which  catches  into  a  notch,  pressed  by  a  spring, 
»hich  supports  the  ruckg  and  eccentric  rods,  at  any  of  the 
three  positions  that  may  be  required. 

*^As!  the  said  uprig^ht  f^haft  makes  two  tiiins,  and  always 
slops  at  the  ^ame  point,  it  is  not  suitable  for  the  index. 
To  remedy  this,  there  is  a  small  pinion  8,  below  the  table, 
working  into  a  wheel  f>,  with  four  tlnie-^  the  number  of 
teeth,  for  carrying;  the  index  10.  This  wheel,  making  but 
lialf  a  revolution  for  two  revolutions  of  the  uprio;ht  shaft, 
makes  the  index  upon  its  arbour  stand  fore  and  aft  when 
ihe  engines  are  going,  and  thwart  ships  when  the  eccen- 
tric rods  are  set  in  the  standing  position. 

**  The  index  11,  is  connected  with  the  regulating  valve 
12,  by  rods  and  spanners,  and  turned  by  hand,  as  circum- 
stances require. 

'*  The  index  13,  is  connected  with  the  injection  cock  by 
fods  and  spanders,  it  being  always  shut  before  the  engines 
are  stopped,  and  opened  when  the  engines  are  started. 
Each  engine  has  separate  gearing  for  the  regulating 
valves  and  injection  cocks,  and  graduated  circles  on  brass 
plates,  to  show,  by  inspection,  the  position  in  which  they 
are  standing. 

*'  When  the  engines  stand  for  some  time,  it  is  necessary 
to  let  the  steam  pass  freely  through  them  for  two  or  three 
seconds,  on  purpose  to  heat  them,  and  expel  any  nir  that 
Biay  have  got  inside.  For  this  purpose,  the  long  handle 
14,  standing  by  the  side  of  the  table,  is  fixed  to  a  shaft  15, 
irhicb  goes  across  the  front  of  both  engines,  and  by  four 
short  spanners  (or  pallets)  upon  it,  lifts  all  the  valves  of 
|K>(h  engines,  and  allows  the  steam  to  pass  freely  through 
Ihem  by  the  air-pump  valven.  The  eni^ineev  knows  by 
the  sound  when  to  replace.'  the  handle  in  the  poHttion 
ihown  in  (he  sketch;  and  having  previously  set  the  index 
the  head  or  sit-ni  in4)lion  in  the  direction  Avanlt'd^  and 
usted  the  steaiu-regulating  index,  the  last  thing  he  has 
to  do  s  to  open  the  injection-cocks,  and  imnu-dialely 
c  engines  start  in  the  direction  wanted/ 


518  GBNLRAI^   PLAN  OF  tTBAH   BOAT*. 


Internal  Arraugemcnf  of  Steam  Vesttls. 

Wo  conclude  ihU  ^^eclion  hy  a  i-t'pi*i'!«<*n(aticftn  and  c«i^ 
else  descriplioM  of  the  interior  arrang^cmrnl  of  vlMai 
boats,  as  they  have  been  generally  confil routed;  the  tm^ 
chinery  introduced  is  of  the  ordinary  kind^  and  mW, 
therefore,  not  require  a  particular  explanation. 

The  upper  figure  represents  a  longitudinal  and  vrrtinl 
section,  from  stem  to  Htern,  of  a  sleum  vessel ;  apd  tW 
lower  figure,  a  plan  of  the  same,  with  the  deck  refaote^; 
similar  letters  in  each  figure  refer  to  correAponding  parlw 

A  n  are  two  boilers;  b  the  chimney,  lending  from  ilk- 
flues  of  both  the  fires;  c  is  the  Mteani  pip*^,  only  parttt 
brought  into  view  in  the  section,  but  its  coar»r  bt  brlln 
Hern  in  the  plan,  where  it  14  shown  to  proceed  friMD  Kalli 
the  boilenf  into  a  single  lube,  which  conveys  it  inl*  u^ 
ther  cross  tube,  that  connects  it  to  the  two  cylindentf^l, 
by  the  intervention  of  the  valve  boxes//.  TJw  w  pwy 
0  c,  are  worked  by  the  main  l>eum,  and  the  eeeMlfril^ Ibr 
giving  motion  to  the  valves,  is  shown  at  g.  TIm  paddW 
wheelH  h  A,  are  usually  attached  to  the  main  crash  by  a 
coupling*box,  or  toothed-wheels,  which  enable*  the  cflfi- 
neer  to  throw  ofl'  either  of  the  propelling  wbeeU  at  plci- 
sure;  i,  one  of  the  paddle-boxes,  seen  only  in  tbe  sectias. 
y  is  the  fore-rahin,  k  the  after-cabin,  o  o  are  slafr-cawi'. 
/  /  /  /  the  framing  of  limber  which  supports  a  platlbrai  of 
deck  (commonly  called  the  gangway ),  which  ncarlysar- 
roundtt  the  hull  of  the  vessel. 
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SECTION  V. 

LOCOMOTIVE  flTBAM  CARRIJIGKB. 

The  first  part  of  this  work  conc1u<les  u  ith  Mr.  Gallowaj't 
observatitins  on  this  iinporlaiit  subject,  in  which  be  nitn 
the  reader,  for  the  description  of  several  carria^c«y  lo  (U 
Re^iiiter  of  Arts,  and  Journal  of  Patent  loteutiiim;  tW 
author  of  the  Appendix  has,  therefore,  thought  it  a<t%ia' 
ble  to  save  the  reader  the  trouble  of  referenc«r,  b)  itilr*- 
ducing  nn  account  of  those  machine!^  in  ihi:^  part  of  lU 
work,  together  with  sucli  others  us  have  lately  been  m^ 
vented;  and  thus  include  in  one  volume,  all  that  b>* 
hitherto  been  done  or  attempted,  i^orthy  of  iinticr,  in  ihti 
highly-interesting  and  perhaps  feasible  projecL  Tbedift- 
culties  to  be  Kuriuounted  are  unquestionably  great,  bat,il 
is  hoped,  not  insuperable.  Had  the  ninny  tngrniuu*  tttf% 
who  are  now  actively  engaged  in  constructing  iten 
coaches,  been  contented  with  attempling  the  fomfttM 
of  steam  waggons^  it  is  probable  that  complrtc  •aecsi 
would  ere  now  have  crowned  their  laboure.  Inprovrd 
combinations  and  simplifications  of  the  machinery  wo«U 
have  been  gradually  introduced,  tending  lo  reduce  tW 
friction,  increa.^e  the  power,  and  accelerate  the  eperd. 
but  by  attempting  so  much  at  once,  the  chance*  of  hllvn 
are  multiplied,  and  the  success  of  an  undertaking  appi* 
rently  easy  in  accomplishment,  when  proceeded  upop  itcp 
by  step,  is  endangered. 

Patent  Steam  Carriage^  by  Julius  Griffith,  «/  Bnmffm* 
Middlesex,  1821. 

This  was,  we  believe,  the  earliest  attempt  niMie  in  S«ff- 
land  to  construct  a  locomotive  steam-coach,  lo  Irai^l  «■ 
the  common  road.  Ahhciugb  (he  experimentH  thai  wrr» 
made  wiih   it   proved    unsuccessful,  scverni  of  it«  mrrto- 
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iiical  combinalions  have  aflorded  useful  hiuts,  which  have 
hot  been  overlooked  by  succeeding  tnecbaiiicians  in  similar 
Undertaking^t. 

The  body  of  the  carriage  was  adapted  to  carry  either 
\ooi1a  or  passengers;  it  was  guided  by  means  of  a  lever 
»perating  upon  the  fore  wheels  of  the  carriage,  so  as  (o 
urn  them  round  horizontally  upon  the  ground,  or  to 
lace  them  in  an  oblique  position  to  make  curves  in  the 
Dad.  The  yokes  which  carried  the  fore  wheeU  were  not 
Dnnected  to  the  main  perch  of  the  carriage,  but  to  a  short 
evolving  perch.  This  perch  was  embraced  at  each  end 
y  an  iron  hoop,  the  one  being   fixed  to  the  main  perch, 

fB  other  to  the  framing  of  the  yokes;  so  that  when  the 
rriage  passed  over  inequalities  in  the  road,  the  carriage 
rould  oscillate  upon  the  revolving  perch,  and  preserve  its 
reel  position. 

Two  upright  steam  cylinders,  with  their  piston  rods 
forking  a  crank  at  right  angles  to  each  other,  were  em- 
ployed as  the  propelling  power;  these,  with  their  furnace, 
loiler,  condenser,  and  other  appendages,  were  aitiiated  in 
he  hind  part  of  the  carriage  ;  and,  to  prevent  them  from 
wrtaking  of  the  concussions  and  other  irregular  motions 
if  the  carriage,  they  were  fixed  upon  a  swinging  platform, 
Uspended  to  au  elevated  iron  fiame-work;  and  elasticity 
fas  given  lo  the  chains  by  the  introduction  of  strong 
leliacal  springs. 

The  boiler  consisted  of  a  series  of  metal  pipes,  into 
rhicb  water  was  forcecj  by  u  pump  from  a  reservoir.  The 
team  from  the  engine  was  condensed  in  a  series  of  flat 
Mpes  exposed  to  the  cooling  influence  of  the  atmosphere, 
^om  whence  the  water  ran  into  the  reservoir  again. 

The  power  of  the  engine  was  communicated  to  the  hind 
rheels  by  means  of  '"sweep  rods,"  at  the  lower  parts  of 
rbicb  were  pinions  and  detents  taking  into  toothed 
rheels;  which  toothed  wheels,  being  fixed  to  the  hind 
tinning  wheels  of  the  carriage,  communicated  their  mo- 
ion,  and  impelled  the  vehicle. 
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TJiii  was  the  second  attempt  actually  put  in  execution 
lO  propel  a  coach  by  steam.  Numerous  experiments  were 
Bade  with  it  in  London,  at  various  times,  the  intervals 
••ing  occupied  in  making  a  variety  of  alterations.  The 
fniost  speed  attained  was^  we  believe,  from  three  to  four 
ilea  per  hour,  which  waf4  performed  in  an  enclosed  piece 
r  ground.  A  great  deal  of  time  was  loat,  and  expense 
curred  by  the  repeated  failure  of  the  boilers.  The  fol- 
win§r  account  of  this  machine  is  extracted  froin  the 
dinburgh  Journal  of  Science. 

Rjj^  represents  the  boiler,  which  is  formed  of  a  stout  cast- 
,  or  other  suitable  metal  flue,  inclosed  in  a  wrought- 
E>n  or  copper  case,  as  seen  in  section,  where  A  is  the  place 
r  fuel,  and  aaa  are  parts  of  the  flue,  as  seen  in  section, 
le  top  being  formed  into  a  number  of  shallow  trays  or 
teeptacles  for  containing  a  small  quantity  of  water  in  a 
mie  of  being  converted  into  steum,  which  is  admitted  from 
le  reservoir  by  a  small  pipe.  B  is  the  cliinuiey,  arising 
om  the  centre  flue  ;  at  D  arc  the  two  cylinders,  one  bc- 
ind  the  other,  which  are  iitted  up  with  pistons  and  valves, 
r  cocks,  in  the  usual  way,  for  the  alternate  action  of 
earn  above  and  below  the  pistons.  The  boiler  being  sus- 
pnded  on  springs,  the  steam  is  conveyed  from  it  to  the 
Bgines  through  the  heliacal  pipe  <*,  which  has  that  form 
iven  to  it,  to  allow  the  vibration  of  the  boiler,  without 
ijury  to  the  steam  joints.  K  U  the  ciiiitcrn  containing  water 
>r  one  stage,  say  ^')  to  SO  gallons,  and  is  made  of  strong 
Dpper,  and  air-tight,  to  sustain  a  pressure  of  about  GO 
DUnds  to  the  square  inch.  At  e  is  one  or  more  air-pumps, 
^hich  are  worked  by  the  beams  F  E,  of  the  engines,  and 
re  used  to  force  air  into  the  water  v<-8sel,  ihat  its  pressure 
lay  drive  out,  by  a  convenient  pipe,  the  water  into  the 
oiler,  at  such  times  and  in  such  quantities  as  ma/  be 
ranted.  The  two  beams  are  connected  at  one  end  with 
ie  piston  rods,  and  at  the  other  with  ihc  rocking  stand- 
rds,  H  H.  At  about  one-fourth  of  tl.e  leii^jlh  of  the  beams 
rom  the  piston  rods,  are  the  two  connecting  rods,  g  g, 
beir  lower  ends  being  attached  to  two  cranks,  formed  at 
ngles  of  OC  from  each  other  on   the   liind  axle,  giving, 
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by  the  aclton  of  the  dteain,  a  continued  rotatory  mottM  to 
the  wheels,  without  the  nece^^ily  of  a  fly  wheel.  TU 
four  coach-vrheels  are  attached  to  the  axles  nearly  aa  ia 
common  coaches,  except  that  there  ia  a  ralchrt  vImI 
formed  npon  the  back  part  of  the  nave,  with  a  box  wedgiJ 
into  the  axle,  containing  a  dog  or  pall,  with  a  sprtafw 
the  hack  of  it,  for  the  purpose  of  causing  the  wheel*  to  b» 
impelled  when  the  axle  revolves,  and  at  the  same  liar 
allowing  the  outer  wheel,  when  the  carriage  de»enfac»fc 
curve,  to  travel  faster  than  the  inner  one,  and  still  be  mif 
to  receive  the  impulse  of  the  engine,  as  soon  ms  it  coaM  It 
a  straight  course. 

^'The  patentees  have  another  method  of  perfonniaf  tW 
tianic  operation,  with  the  further  advantage  of  backia^ tb' 
coach  when  the  engines  are  backed.  In  thi»  plnn^  the  nva 
su'c  cast  with  a  recess  in  the  middle,  in  which  ii  a  doabW 
bevel  clutch,  the  inside  of  the  nave  bein^  f<ii  mc^  to  cor- 
respond. The  clutches  arc  simultaneously  acted  upoabj 
connecting  levers  and  springs,  and  which,  accordii|  M 
they  arc  forced  to  the  right  or  leH,  will  enable  ihe  carriafr 
to  be  moved  forward  or  backward.  To  the  fore  tMivoirt 
6xed  two  cylindrical  metal  rings,  round  which  are  two  &!► 
tion  bands,  to  be  tightened  by  a  lever  convenient  fortki 
foot  of  the  conductor,  and  which  will  readily  retard  or 
stop  Ihe  coach  when  descending  hills.  K  is  the  aeatoftk 
conductor,  with  the  steering  wheel,  L,  iu  the  front,  wluci 
is  fastened  on  the  small  upright  shaA  I,  and  turns  tbfe  too 
bevel  pinions  2,  and  the  shaft  3,  with  its  small  pinio«  4, 
which,  working  into  a  rack  on  the  segment  of  a  circkoa 
the  fore  carriage,  gives  full  power  to  place  the  two  aiki 
at  any  angle  necessary  for  causing  the  carriage  to  litm  o« 
the  road,  the  centre  of  motion  being  the  perch-pin  1. 

"The  fore  and  hind  carriage  arc  connected  together  by 
»  perch,  which  is  bolted  fast  at  one  end  by  the  fork,  mttd  M 
the  other  end  is  screwed  by  two  collars,  which  pcraul  lb 
fore  and  hind  wcels  to  adapt  thenitielves  to  the  curft  oT 
the  road. 

*<  To  ascend  steep  parts  of  the  road,  and  particularly  vl 
the  carriage  is  used  on  railways,  or  to  drag  another 
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it,  ;;rcatcr  friction  will  be  required  on  the  road  than  the 
(wo  bind  wheels  will  ^ive,  and  there  is  therefore  a  contri* 
raiicc  to  turn  all  (he  four  wheels.  This  is  done  by  a  pair 
of  mitre  wheela  4,  one  being  on  the  hind  axle,  and  the 
other  on  the  longitudinal  shaft  6,  on  which  shaft  is  a  uni- 
veraal  joint,  directly  under  the  perch-pin  I,  at  7.  This 
f'tiabteM  the »mall  shaft  7,  to  be  turned,  thoug:h  the  carriage 
should  be  on  the  lock.  On  one  end  of  the  shaft  7,  is  one 
nf  a  pair  of  bevel  wheels,  the  other  being  on  the  fore  axle, 
ubich  wheels  are  in  the  same  proportion  to  one  another, 
as  the  fore  and  bind  wheels  of  the  carriage  are,  and  this 
cause:i  their  circumference  to  move  on  the  ground  at  the 
«kme  speed. 

"  The  patentees,  by  a  peculiar  construction  of  b  boiler, 
intend  to  make  it  a  store  of  caloric  ;  they  propose  to  heat 
it  from  250  to  600  or  800  decrees  of  Fahrenheit,  and  by 
keeping  the  water  in  a  separate  vessel,  and  only  applying 
it  to  the  boiler  when  steam  is  wanted,  they  hope  to  accom- 
plish that  great  desideratum  in  the  application  of  steam  to 
common  roads,  of  making  just  such  a  quantity  of  steam  as 
is  wanted;  so  thut^  when  going  down  bill,  where  the  gra- 
vitating force  will  be  enough  to *impel  the  carriage,  all 
the  steam  and  heat  may  be  saved,  to  be  accumulating  and 
given  out  again  at  the  first  hill  or  bad  piece  of  road,  when, 
more  being  wanted,  more  will  be  expended. 

*'  The  engines  arc  what  are  called  high-pressure,  and  ca- 
pable of  working  to  ten-horse  power,  and  the  ntcam  is  pur- 
posed to  be  let  olF  into  an  intcnnndiale  vessel,  that  the 
sound  emitted  may  be  regulated  by  one  or  more  cocks. 

^^  From  the  foregoing  description  we  think  we  are  war- 
ranted in  saying,  that  there  is  a  considerable  degree  of 
ingenuity,  as  well  us  originality,  in  many  of  the  details,  and 
also  in  the  general  arrangement  of  the  machinery.  In  this 
light  we  regard  their  mode  of  allowing  the  several  wheels 
to  move  simultaneously  at  different  velocities,  the  convo- 
luted form  given  to  the  steam  and  water  pipe^j,  by  which 
the  injurious  effects  of  jolting  are  avoided  by  very  simple 
means,  and  the  mode  of  injecting  water  into  the  boileiyby 
means  of  compres.scd  air. 
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"  By  the  recent  improvements,  the  boiler  it  lo  b«  aX^ni 
upon   an  additional   pair  of  wheels,  bo  (hat  th«   ivhoW 
machine  may  run  upon  six  wheels  instead  of  four.     TW 
patentees  claim  two  distinct  modes  of  employing  tht9rxtrt 
pair  of  wheels,  either  of  which  may  be  adopU^.     By  iW 
first  mode,  the  back  end  of  the  boiler  is  bolted  to  tlie  ^ik^ 
tree  of  the  extra  wheels,  and  the  front  end  rests  Bod  inrm 
upon  a  pivot,  fixed  to  the  axle  oflhe  middle  pair  of  whatk 
By  the  second  mode,  the  axle  of  the  bind  wbeeb  im 
upon  a  centre,  and  the  boiler  is  attached  to  a  frame,  wkki 
r  ucompasees  it :  this  frame  is  sutipended  upon  tprinft  or 
not,  (according  to  the  nature  of  the  ruad,)  the  fore  pwtil 
it  being  bolted  to  the  axle  of  the  middle  pair  uf  wbeeb.  By 
either  of  these  contrivances,  the  carriage  containiiTf  (kt 
boiler  may  be  made  to  adapt   itself  to  the  bendbiaik 
road^  without  incurring  injurious  strains. 

'<  The  next  improvement  of  material  importance,  eonuli 
in  the  construction  of  the  steam  pipes,  which  have  alidittf 
and  moveable  knee-formed  joints,  to  admit  of  their  ei* 
tension  or  contraction,  when  the  carriage  is  pttmng  otrt 
rough  or  undulating  ground;  thus  constructed,  the  pi|Mi 
also  accommodate  themselves  to  beiida  andirn*guUnti«il 
the  road. 

^*-  The  third  improvement  relates  to  the  mode 
the  carriage,  which  18  effected  by  a  chain  circ 
the  steering  wheel,   the  ends  of  the  chain  Ibeti 
round  pulleys  fixed  on  the  carriage  frame,  are  attached >i 
the  opposite  extremities  of  the  fore  axletree.** 

An  improved  modification  of  this  machine  has  beemiaer 
constructed  by  Mr.  Hill,  in  London  ;  we  saw  (he  carriajev 
in  the  progress  of  building,  but  what  advantages  kavrrr- 
sulled  from  the  alterations  made,  we  have  not  brard:  tk 
undertaking  hns  however  l>een  lately  suspended  bi  Nr- 
llill  in  London,  while  his  partner  Mr.  Bumtall,  of  Edit* 
burgh,  has  continued  to  prosecute  it,  as  will  be  wumhf 
the  annexed  account. 


-J r  r 

^ulantisti^ 

lUBKriiH 


The  above  cut  is  a  representation  of  the  model  of  a 
^oach,  constructed  in  Edinburgh  by  Mr.  Burstall,  from  the 
°^tgns,  it  is  said,  of  Mr.  Hill,  upon  a  scale  of  three  inches 
'^  the  foot,  or  one-fourth  linear  measure  of  the  full-sized 
''•^chine.  As  this  proportion  is  accurately  preserved  in  all 
"s  parb),  the  model  exhibits  a  faithful  representation  of  the 
*^>Tiage  to  be  used  on  the  road,  (if  successful)  nnd   thus 
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affords  a  measure  (though  not  a  very  correct  one)  of  iti 
per  forma  nee. 

The  coach  is  exactly  of  the  common  form,  and  carrici 
six  inHJilu  and  (we]ve  outside  passengers,  but  it  haii  an  ad- 
ditional pair  of  wheels  behind,  for  supporting  the  boilfr. 
The  length  of  the  model  is  Gve  and  a  half  feet,  its  briglil 
twenty-two  inches  ;  the  length  of  the  full-sized  coach,  with 
its  engine,  will  be  twenty-two  feet,  its  height  seven  frel 
four  inches.  The  steersman  or  driver  sits  in  front,  and,l)y 
turning  a  circular  horizontal  plate  c,  gives  the  first  pairof 
wheels  a  direction  to  the  right  or  the  left,  as  in  a  comnwn 
coach,  when  the  bends  of  the  road  require  it.  The  boiler 
h  is  supported  by  an  iron  frame,  extending  from  the  second 
to  the  third  pair  of  wheels.  It  is  shaped  like  a  bfftiiTe' 
or  cone,  and  will  be  about  four  and  a  half  feet  high  \n(kt 
full  machine,  exclusive  of  the  chimney.  The  fire  is  inlbe 
middle,  and  the  water  and  steam  outside.  The  engine ii 
on  the  high-pressure  principle;  and  the  boiler,  which  isuf 
copper,  is  made  strong  enough  to  bear  a  pressure  of  three 
hundred  pounds  on  the  inch,  though  it  is  intended  to  wori 
with  only  twenty -five  pounds.  Two  cylinders  are  employed; 
they  occupy  the  hind  boot,  and  rest  on  the  axle  of  tltf 
middle  wheels;  in  the  model,  the  cylinders  are  three  inches 
in  diameter,  with  a  stroke  of  three  inches.  The  cistern  a  i^ 
below.  The  engine  pumps  up  w ater  for  itself,  which  ptai* 
from  the  cistern  by  a  pipe;  another  pipe  e  conveys  ibcsteui 
tothecylitider ;  a  third  pipe  i  carries  ofl*  the  waste  steam  fron 
the  cylinders  into  (he  chimney,  fron)  which,  being  expanded 
by  the  heat^  it  escapes  invisibly.  The  engine,  when  worked 
with  steam  of  twenty-five  pounds,  will  be  of  ten-borve 
power  in  the  full-sized  carriage;  and  the  whole  weight  of 
the  engine  and  carriage,  with  the  charge  of  fuel  and  wilef, 
will  be  about  three  tons. 

This  model  of  the  carriage  was  exhibited  at  work  in 
Edinburgh  (and  other  places),  where  it  travelled  round  a 
circle  of  seventeen  feet  in  diameter,  on  an  uneven  d«al 
floor,  with  a  speed  equal  to  seven  or  eight  miles  per  hour. 
A  deal  platform,  18  feet  long,  rising  1  fool  at  the  end  (of  1 
in  18),  was  fixed,  which  the  carriage  ran  up  with  ease  and 
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idity.  On  the  outside  of  the  circle  was  a  deal  bank, 
ich  rose  5  in  25  in  the  cross  section,  to  show  how  little 
\Qg  on  one  side  would  affect  her  itafety,  owing  to  the 
Ire  of  gravity  being  placed  so  near  to  the  ground.  The 
rimge  was  subjected  to  the  roughest  usage,  by  running 
over  tools  of  various  kind»  laid  in  her  way,  and  it  was 
^rted  that  this  model  run,  in  the  space  of  eight  dayn,  S50 
es,  without  any  fresh  packing  or  repair. 

tent  Steam  Carriage  Machinery,  by  W,  H,  JameSy  of 

kThavies  Inn,  Holborn.   18*24.  ^H 

ead  of  actuating  the  several  wheels  of  a  carriage        ^^M 
b  a  single  engine,  as  heretofore,  Mr.  James  adapts  ■ 

arate  engines  to  each  wheel.  These  engines  are  of 
ill  and  equal  dimensions,  and  have  their  steam  sup- 
^d  with  pipes  connected  with  the  boiler,  situated  in  u 
venient  part  of  (he  carriage.  The  object  of  the  pa- 
tee  in  employing  separate  engines  is,  that  each  wheel 
^  have  a  motion  independent  of  any  of  the  other 
eels,  so  that  their  powers  or  velocities  may  be  varied 
jleasure,  which  is  essential  in  passing  round  curves,  or 
ning  comers  of  the  road;  because  (as  is  well  under- 
ad)  when  a  carriage  moves  in  the  arc  of  a  circle,  the 
er  wheel  movea  over  a  greater  space  of  ground  than 
inner  wheel,  consequently  rendering  it  necessary  that 
engine  connected  with  the  outer  wheel  should  be  made 
irork  BO  much  faster  than  the  engine  connected  with  the 
er  wheel.  This,  IVlr.  James  effects  by  a  very  simple  con- 
rance;  he  causes  the  fore  axletree  to  be  connected  with 
top-cock  placed  in  the  main  pipe,  through  which  the 
im  passes  from  the  boiler  to  the  respective  engines;  this 
p-cock  is  so  constructed}  that  when  the  fore  axletree 
ids  at  right  angles  to  the  perch,  (i.  e.  when  the  carriage 
Toceeding  in  a  straight  line,)  it  admits  equal  quantities 
iteam  to  each  engine;  but  whenever  the  axletree  stands 
iquely  to  the  perch,  (as  in  making  curves  in  the  road,) 
auses  the  stop-cock  to  admit  a  greater  quantity  of  steam 
he  engine  connected  with  theouter  wheel,  so  as  to  cause 
X  wheel  to  revolve  faster,  and  a  diminished  quantity  to 
J3.  3  Y 
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the  engine  connected  with  the  inner  wheel,  so  as  to  make 
it  revolve  slower,  in  exact  proportion  to  the  curve  around 
which  the  carriage  is  moving. 


if 


anies 
•etMratc  engines  to  each  of  the  hind  wheek  only;  but 
apon  roads  that  have  greater  ascents,  he  employs  four 
engines,  that  is,  one  to  eacli  uheel ;  and  thus  he  obtains  a 
p-eater  degree  of  resistance  or  friction  upon  the  surface 
passed  over.  In  ordinary  rouds,  however,  Mr.  James 
considers  that  two  engines  will  he  sufficient,  because  it  is 
Hot  required,  on  this  priitctple,  that  the  wheeh  shall  be 
Ifcrown  out  of  gear,  and  in  passing  round  curves  ihey  may 
he  kept  constantly  in  action;  thus  the  nmount  of  friction 
Igainflt  (he  road  will  be  preserved  lolernbly  uniform, 
plhich  is  of  course  very  important  in  propellinsf  a  carriage 
Id  the  precise  line  required;  if,  under  any  circumstnnce, 
la  in  passing  down  hills,  it  may  be  advisable  to  lock  one 
^f  the  hind  wheel;;,  it  may  be  performed  as  in  other  car- 
fiages,  by  putting  on  a  drag. 

From  what  wc  have  iilreudy  Stiiil,  we  think  the  advan- 
tages resulting  from  the  employment  of  a  separate  engine 
|o  each  wheel  must  be  apparent.  The  next  consideration 
iraii,  to  give  each  wheel  an  independent  rotatory  motion, 
prithout  the  necessity  of  employing  fl\-wheels;  this  Mr. 
James  produces  by  having  two  small  cylinders  to  each 
Ipgine,  as  shown  in  lig.  1,  (which  we  shall  presently  de- 
bribe).  Without  such  an  arrangement,  in  passing  over 
(bugh  or  loose  ground,  or  in  the  a'^cending  of  steep  hills, 
fte  impulse  given  to  the  carriage  would  frequently  not  be 
Efficient  to  carry  the  engines  over  their  centres. 
t  The  next  object,— which  has  bern  *'onsidercd  as  one  of 
pmost  insuriuouiitable  dilluMiUy,  that  of  putting  the 
pbole  of  the  machinery  upon  springs,  so  as  to  prevent 
IQV  injurious  consequences  to  the  acting  parts  from  con- 
lUlssions,  and  likewise,  at  the  same  time,  to  allow  of  the 
lerfect  and  uniform  operation  of  the  engines  upon  the 
^nning  wheeU,  when  passing  ovei*  ruggeH  snrfnces,  —  IMr. 
^BHies  effects  by  causijig  the  engines  and  thtnr  frame- work 
lo  vibrate  altogether  upon  the  crank-shafts,  as  a  centre ; 
It  the  same  time  connecting  these  marines  to  the  boiler 
Ibd  exit  passages,  by  means  of  hollow  axles  moving  in 
|luffing-boxes,  which,  together  with  the  body  of  the  car- 
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riage,  is  suspended  upon  the  springs;  these  springi  ret 
upon  the  axlctrees,  as  will  be  understood  by  an  attentire 
examination  of  the  figures,  (especially  6g.  3,)  which  te 
shall  now  proceed  to  explain.  . 

Fig.  1,  is  a  plan  of  the  machinery  of  a  carriage,  as  ft(^ 
plied  to  the  hind  wheels.  Fig.  2,  is  a  cross  section,  giving 
an  end  view  of  the  boiler  and  the  cranks,  showing  the 
manner  in  which  the  former  is  suspended,  its  mode  of 
attachment  to  the  body  of  the  carriage,  and  the  situation 
of  the  springs  on  which  it  rests.  Fig.  3,  is  a  longitudinal 
section,  giving  a  side  view  of  the  machinery  as  attached 
to  the  running  wheels;  similar  letters  of  reference  appl) 
to  the  corresponding  parts  in  each  of  the  figures. 


Fig.  1,  a  a  represent  the  boiler  suspended  to  the  frvDc- 
work  b  b  b  b  above,  which   frame-work  is  firmly  attacked 
to  the  body  of  the  carriage  c  c  c  c^  and  forms  its  support; 
d  d  the  axletrcc,  the  form  of  which  is  best  seen  in  fig<2, 
has  four  supports  e  e  e  e;  the  axles  of  the  running  wbeeh 
y/;arc  Axed   thereto,  and  are  connected,  in   one  piece, 
with  each  of  the  crank  shafts  g  g;  by  which  each  of  tbe 
wheels  is  made  to  revolve  independently  of  the  olhen' 
Each  of  the  engines  has  two  cylinders  A  A,  which  operste 
by  their  piston  rods  upon   the  cranks;  to  these  separate 
engines,  steam  is  supplied  from  the  boiler  a  a,  by  mean* 
of  the  pipe  k^  ivhich  enters  at   the  slop-cock   6,  into  the 
steam  box  m;  from   this  box  the  steam  passes  into  the 
pipes n  Hy  which  move  steam-tight  ihrough  sluHing  boxff ; 
from  thence  the  steam  proceeds  through  the  pipes  ooo^  to 
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m  boxes  J}  pp  p^  the  slides  being  worked  by  t^ccen- 

b  9  9,  OD  the  crank-shafts,  in  the  usual  luanncr,  and 

ttDce  to  the  cylinders.     The  exhaustion  pipes  r  r^ 

p  the  hollow  axles  n  n,  before  described,  in  which 

re  partitions  s  j,  to  separate  the  steam  from  the 

■agesi  which  pass  through  the  said  hollow  axles 

oxes  t  /;  from  which  there  are  pipes  u  u,  leading 

chimney  v,  shown  in  section.     The  rodsxx,  are 

I  to  the  fore  axle  of  the  running  wheels,  and  also 

wo  handles  of  the  cock  /,  so  that  the  fore  axle  and 

;  move  simultaneously,  and  parallel  to  each  other. 

vsent  part  of  the  frame-work  extended,  for  tying 

es  together  by  means  of  a  connecting  bolt;  and 

allow  the  body  of  the  carriage   lo  have  a  slight 

motion    upon    its   springs,    iiKlepetidently  of  the 

by  means  of  the   hollow  axles  sliding  longitudi- 

ough  the  HtuHiiig-boxes. 

preceding  account,  we  have  given  the  substance 

aroes*s  speciftcalion  ;  and,  although   it  cuiiluins 

vel  and  valuable  matter,  he  limits   his  claim  of 

ht   to  the  following  points  only,  which  we  add 


i 


,Te  herein  described,  for  the  perfect  understanding 

vention,  the  general  construction  and  operation 

m   carriage   to  be  actuated   upon   niy  improved 

b;  but   1  do  not  mean  to  confine  myself  to  this 

r  construction  or  adaptation  of  parts,  as  my  in- 

; consists  simply  and  exclusively  in   adapting  dia- 

pam  engines  lo  the  several  wheels  upon  which  the 

^  runs,  for  the  purpose  of  actuating  such  several 

lidependently  of  each  other,  whatever  may  be  the 

f  wheels  so  employed,  or  whatever  may  bo  the 

ion  or  position  of  the  steam  engines  and  their 

es  so  uda[>tcd,  or  whate\er  may  bir  the  form  of 

ge  to  be  propelled.'* 

11  have  occasion  farther  on  to  give  an  account  of 
inients  made  with  carriages  on   this  construc- 
ler  of  their  date. 
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Mr.Gurneyhasdone  more  in  experimental  trials  than  flnj 
other  inHividual,  owing  probably  to  his  having  had  jfrealf  f 
funds  placed  at  his  dispoeal;    it  must  also  be  udu 
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t  he  liaa  succeeded  in  making  more  extended  journeys 
.be  speed  of  ordinary  stag;c  conchea  than  Uia  conlem* 
Dries.  There  is,  however,  nolhing  new  in  h'lH  mode  of 
•pelling,  and  that  degree  of  success  which  has  attended 
efibrts,  we  rather  attribute  to  hi^  application  of  the 
It  tubular  boiler,  described  at  page  395.  The  annexed 
lular  description  of  the  coniitruction  of  the  carriage 
resented  in  the  preceding  page,  is  extracted  from  a 
?kiy  periodical,  with  some  slight  curtailments. 
rhe  carriage  is  constructed  for  acconimoilating  six 
ide  and  fifteen  outside  passengers,  independently  of  the 
de,  who  is  also  the  engineer.  In  front  of  the  coach  is 
ery  capacious  boot,  while  behind,  that  which  assumes 
appearance  of  a  boot,  is  the  case  for  the  boiler  and 
furnace,  from  which  no  inconvenience  is  experienced 
the  outside  passenger,  although,  in  cold  weather,  a 
lain  decree  of  heat  may  be  obtained,  if  required.    The 
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length  of  the  vehicle,  from  end  to  end,  U  fil>e«-n  f«H,i 
with  the  pole  and  pilot  wheels,  twenty  feet.   The  ifi] 
of  the  hind  wheels  is  five  feet;  of  the  front  wheel 
feet   nine  inches;  and   of  the  pilot    wheels,   tlirv* 
There   is  a  treble  perch,  by  which  the  machinery  is 
ported,  and  beneath  which  two  propel lera,  in  ^oiD|^ 
hill,  may  be  set  in  motion,  somewhat  similar  to  the 
of  a  horse's  legs  under  Biniilar  circumstances,  whtcli  wmU 
in  forcing  the  carriage  to  the  summit. 

In  descending  a  hill,  there  is  a  break  fixed  on  the  hmi 
wheel,  to  increase  the  friction;  but,  independently  of  ikk 
the  guide  has  the  power  of  lessening  the  force  of  tW 
Meam  to  any  extent,  by  means  of  the  lever  at  bis  hfii 
hand,  which  operates  upon  the  throttle  vah^^  uni  by 
which  he  may  stop  the  action  of  the  ttteam  altogether,  aad 
effect  a  counter  vacuum  in  the  cylinders.  B%  ihisaMaM 
also  he  regulates  the  rate  of  progri^ss  on  the  road.  TWir 
is  another  lever  by  which  be  can  stop  the  vehicle  iasfiialVt 
and  in  a  moment  reverse  the  motion  of  the  wbee^  m 
as  to  prevent  accident,  as  is  the  practice  with  tiM  paMtf 
of  steam  vessels.  The  duty  of  the  guide,  who  biIs  ia  froatt 
is  to  keep  the  vehicle  in  its  proper  course,  which  heJoo 
by  means  of  the  pilot  wheels  acting  upon  the  pole. 

The  total  weight  of  the  carriage  and  all  its  appanlai 
is  estimated  at  one  and  a  half  tons,  and  its  wear  atMl  Icff 
of  the  road,  as  compared  with  a  carriage  drawn  by  f#sr 
horses,  as  one  is  to  six.  The  engine  has  a  twelve-h«n* 
power,  but  may  be  increased  to  sixteen  ;  the  actual  pewM 
in  use,  except  in  ascending  a  hill,  is  eight  horses. 

^ig-  U  giv^  &  side  view  of  the  machine ;  a,  Uw  gaUt 
and  engineer,  to  whom  the  whole  manageaieni  oflbe  ■•• 
chinery  and  conduct  of  tho  carriage  is  entruttted.  Dmi^ 
this  man,  a  guard  will  be  employed,  whose  duty  it  arillW 
to  look  after  the  luggage  and  passengers;  6,  ibe  baadl^ 
which  guides  the  pole  and  pilot  wheals;  c,  Ihe  ptWl 
wheels  ;  c/,  the  pole ;  e,  the  fore  boot,  for  luggage  ;  /,  \k» 
throttle  valve  of  the  main  steam  pipe,  which,  by  mtumd 
Ihe  handle,  ia  opened  or  closed  at  pleasure,  the  povrrsf 
Ihe  steam  and  the  progress  of  the  carriage  being  tberrbi 
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regulated,  from  one  to  ten  or  twenty  miles  per  hour ;  g^  the 
tank  for  water,  running  from  end  to  end,  and  lliefull  breadth 
of  the  carriage;  it  will  contain  sixty  g;unons  of  water; 
A,  the  carriage,  painted  claret  colour,  and  lined  with 
cloth  of  the  same  hue,  capable  of  holding  six  inside  and 
twelve  outside  passengers ;  i,  the  hind  boot,  containing  the 
boiler  and  furnace;  it  is  encased  with  sheet  iron,  and  be- 
tween the  pipes  the  coke  and  charcoal  are  put,  the  front 
bein^  closed  in  the  ordinary  way  (as  seen  in  fig.  2.)  with 
an  iron  door.  The  pipes  extend  from  the  cylindrical  re- 
servoir of  water  at  the  bottom,  to  the  cylindrical  chamber 
for  steam  at  the  top,  forming  a  succession  of  lines  some- 
thing like  a  horse-shoe,  turned  edgeways.  The  steam 
enters  the  ^'  separators'*  through  large  pipes,  and  is  thence 
conducted  to  its  proper  destination;  k  k,  separators,  in 
which  the  steam  is  separated  from  the  water,  the  water 
descending  and  returning  to  the  boiler,  while  the  steam 
ascends,  and  is  forced  into  the  steam  pipes  of  the  engine  ; 
/,  the  pump,  by  which  the  water  is  pumped  from  the  tank, 
by  means  of  a  flexible  hose,  to  the  reservoir  communicating 
with  the  boiler;  m,  the  main  steam  pipe  descending  from 
the  *^  separators,**  and  proceeding  in  a  direct  line  under 
the  body  of  the  coach  to  the  "throttle  valve,"  and  thence, 
under  the  tank,  to  the  cylinders  ;  nn,  flues  of  the  furnace, 
four  in  number  ;  o,  the  perches,  of  which  there  are  three, 
conjoined,  to  support  the  machinery  ;  p,  the  cylinders,  there 
is  one  between  each  perch;  g,  valve  motion,  admitting 
steam  alternately  to  each  side  of  the  pistons ;  r,  cranks  ope- 
rating on  the  axle,  are  crotches  which,  as  the  axle  turns 
round,  catch  projecting  pieces  of  iron  on  the  boxes  of  the 
wheels,  and  give  them  the  rotary  motion — the  hind  wheels 
only  are  thus  operated  upon  ;  «,  propellers,  used  as  the  car- 
riage ascends  a  hill;  /,  the  drag,  which  is  applied  to  increase 
the  friction  on  the  wheel  in  going  down  a  hill ;  this  is 
also  assisted  by  diminishing  the  pressure  of  the  steam,  or, 
if  necessary,  inverting  the  motion  of  the  wheels;  u,  the 
clutch,  by  which  (he  wheel  is  sent  round;  v,  the  safety 
valve,  which  regulates  the  proper  pressure  of  the  stearp  in 
the  pipe  ;  w,  the  orifice  for  filling  the  tank  ;  this  i^  done 
23.  3z 
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by  means  of  h  Hi'xible  hose  and  a  funnel,  and  occupies  but 
a  few  seconds. 

Fig.  2,  exiiibitii  a  back  viewr  of  the  carria§^ey  and  the 
perches  that  support  the  roachinerVf  not  here  introduced; 
a,  the  furnace  door;  c,  guag^ecock;  d,  blow  cock;  ef^slftn 
pipes;//,  flues  to  furnace;  gg,  the  pipes  through  which  tbr 
water  is  propelled  from  the  separators  hh^  into  the  boiler. 


Patent  Steam  Coach,  by  the  kite  Mr,  David  Gordon* 
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Ahhough  this  carriage  was  not  actually  built  until  afliT 
Mr.  Gurney*8,  described  in  the  last  article,  it  is  proper  t<» 
notice  that  the  peculiar  mode  of  propelling  herein  adopted 
was  patented  by  Mr.  Gordon,  seventeen  months  prior  to 
Mr.  Gumey's  patent.  Six  months  after  the  sealing  of  Mr. 
Gordon's  patent,  a  description  and  drawing  of  it  was  pub- 
lished in  the  Register  of  Arts;  after  that  time,  the  patentee's 
avocations  prevented  him  from  constructing  the  machine 
here  represented,  which  is  an  improved  modification  of  the 
former  carriage.  The  alterations  chiefly  consist  in  placing 
the  propellers  in  the  fore  part  of  the  carriage  instead  of 
behind  it ;  in  raising  them  from  the  ground  by  means  of  a 
light  revolving  crank,  (having  six  throws,  (hat  being  the 
nmnberof  propellers  employed,)  which  effects  the  operation 
with  greater  regularity,  and  by  much  simpler  arrange- 
ments than  by  the  eccentrics  previously  used.  The  ma- 
chinery, generally,  is  also  much  simplified.  Instead  of 
the  former  caravan-shaped  vehicle,  there  are  to  be  accom- 
modations  for  the  outside  passengers,  similar  to  those  in 
■  our  ordinary  stage  coaches;  but  the  inside  passengers  are 
■to  sit  in  a  row  facing  the  fore  part,  in  an  apartment  much 
^resembling  that  in  front  of  a  French  diligence^  similar  to 
the  design  in  the  preceding  page. 

The  carriage  runs  upon  only  three  wheels,  one  in  front, 
and  two  behind,  and  each  of  them  have  a  separate  axle. 
The  latter  circumstance  affords  a  great  advantage  in  the 
hind  part  of  the  carriage,  where  the  two  wheels  are 
opposite  to  each  other  ;  there  being  no  cross-axle,  an  in- 
creased capacity  is  obtained  in  (he  body  of  the  carriage, 
exceedingly  useful  in  thestowingofheavy  goods  inordinary 
cases;  but  as  now  employed  for  locomotion  by  steam,  of 
great  convenience,  as  a  depository  for  fuel  and  water.  The 
wheels  roll  perpendicularly  on  their  axes,  between  strong 
parallel  bars,  which  become  the  bearings  of  the  axes;  a 
considerable  degree  of  friction  is  thus  avoided  ;  while  cite 
single  wheel  in  front  gives  a  greater  facility  of  turning, 
and  in  a  less  space,  than  coachc:^  having  two  fore  wheels. 
This  peculiar  construction  of  the  body  of  a  carriage  is  u 
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distinct  patent  of  Mr.  Gordon,  antecedent  to  that  forth« 
propelling  apparatus  now  under  consideration. 

The  engines  and  other  luuchinery  rest  entirely  upontk 
springs  of  the  carriage,  to  preserve  tbenn  from  the  iojurion 
effects  of  the  concussions  made  by  the  wheels  upon  Idok 
stones  or  other  obstacles  lying  on  the  surface  of  the 
road. 

In  the  body  of  the  carriage,  connected  with  the  pisloi 
rods  of  the  engine,  is  a  six-throw  crank  ;  to  these  throws 
or  arms  are  attached  the  propellers,  which  by  the  rero- 
lution  of  the  crank  are  successively  forced  out  against  tbt 
ground  in  a  backward  direction,  then  drawn  up  again,  pre- 
cisely in  the  manner  of  the  hind  legs  of  a  horse.  Thero4s 
are  formed  of  iron  tubes  fitted  with  wood,  to  combioe 
lightness  with  great  strength.  To  the  ends  of  these  rodi 
ore  attached  what  may  be  considered  as  substitutes  for 
horses*  feet,  although  their  form,  being  the  segments  of 
circles,  is  very  different.  They  press  against  the  groaftd 
by  a  rolling  kind  of  motion,  causing  a  sufficient  adhesioo 
to  the  surface  without  digging  it  up,  and  adapt  themsehct 
to  any  turn  of  the  carriage.  The  under  part  of  these  fe«t 
is  formed  into  short  strong  brushes,  supported  by  iroo 
teeth,  that  the  latter  might  take  effect,  in  the  event  of  the 
other  part  failing. 

Ill  going  down  a  hill,  these  propellers  are  lifted  offtW 
ground  by  the  guide  at  pleasure,  so  that  the  carriage  pro* 
ceeds  entirely  by  its  own  gravity ;  i£  the  descent  should  be 
steep,  or  the  motion  too  rapid,  the  guide  then  makes  n^ 
of  a  break,  by  which  the  motion  can  be  retarded,  or  en- 
tirely stopped.  If  the  carriage  be  proceeding  upon  aleveli 
the  lifting  of  the  propellers  alone  stops  the  carriage  grt- 
dually,  but  quickly,  if  ascending  an  inclined  plane.  Thu 
application  of  the  propellers  affords  also  a  very  f«cite 
means  of  making  a  turn  in  the  road,  simply  by  Itfl' 
iiig  them  on  one  side,  and  allowing  them  to  act  on 
the  other,  which  is  done  by  the  mere  pulling  of  a  cord; 
the  guide  has  also  the  power  of  producing  the  same  effect 
b)  turning  a  lever  in  front  of  him,  which,  by  means  of  > 
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pinion,  operates  upon  a  taolhed  sector  on  the  circular 
frame  thatsurrouuds  the  front  wheel;  cither  of  these  modes 
may  be  employed,  or  both  of  them  in  conjunction;  thus 
very  great  facilities  arc  atforded,  for  making  quick  and 
sadden  turns  in  the  road. 

In  countries  where  sledges  are  used,  for  travelling  over 
snow,  the  machine  may  be  placed  upon  skates,  and  the 
feet  of  the  propellers  be  shod  with  suitable  iron  teeth. 

The  preceding  engraving  represents  a  side  elevation  of 
the  machine,  a,  the  end  of  the  boiler;  b,  the  Hue  ;  c,  an 
apartment  for  the  engineer  to  attend  the  fire,  and  regulate 
the  machinery,  which  apartment  contains  a  store  of  water, 
coke,  &c.;  d,  external  connecting  rod  (on  each  side  of  the 
carriage)  that  unites  the  driving  cranks  of  the  propellers 
lo  the  small  lit^ing  cranks  within  the  carriage;  «,  being 
the  axis  of  the  driving  cranks;  and/,  the  axis  of  the 
lifting  cranks  ;  $r,  the  apartment  for  the  inside  passengers, 
which  has  glazed  windows  in  front;  /t,  the  seats  for  the 
outside  passengers;  i,  the  conductor,  who  guides  the  car- 
riage by  means  of  four  cross  levers,  turning  a  small  pinion 
of  seven  teeth,  that  work  in  a  toothed  sector,  tixed  on  the 
periphery*  of  the  circular  frame;  pp,  propellers,  of  which 
the  whole  six  are  brought  into  view;  55,  the  straps  or 
ropes  by  which  the  propellers  are  successively  lifted  from 
the  ground. 

Having  given  a  general  description  of  the  carriage 
from  its  external  appearance,  we  proceed  to  explain  the 
internal  machinery  by  which  the  propulsion  is  effected. 

In  the  fore  part  of  the  carriage,  and  centrically  between 
the  driving  and  lifting  cranks  of  the  propellers,  are  placed 
the  steam  engines  ;  these  consist  of  two  brass  cylinders,  in  a 
horizontal  position,  which  vibrate  upon  trunnions  ;  and  the 
latter  being  hollow,  form  the  induction  and  eduction  pas- 
sages for  the  steam.  The  piston  rods  of  the  cylinders  are 
attached  to  two  distinct  throws  of  the  driving  crank,  placed 
at  right  angles  with  respect  (o  each  other,  so  that  the  vi- 
brations of  the  cylinders  admit  of  the  piston  rods  following 
the  revolution  of  the  crank.  Thus  there  are  eight  throws 
lo  the  driving  crank;  viz,  two  for   the  cylinders,  und  six 
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for  ibe  propcllem,  tiirninn;  upon  the  same  axis,  bnt  npofl 
nine  distinct  bearings  (two  to  each  throw)  on  the  framf 
work  of  the  carriage.  The  force  of  the  steam  engines,  tod 
the  rotary  motion  of  the  driving  crank  are  communicated 
to  the  lifting  crank  by  means  of  connecting  rods,  on  tbe 
outside  of  the  carriage  i.as  exhibited  in  the  elevation  of 
the  machine  in  our  last  number,  and  by  the  Huhjoined  plm 
fig.  2)  ;  and  the  arrangement  is  Huch,  (hal  the  throws  nf 
each  respective  crank  are  ahva)s  parallel  to  each  oth«*r. 
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Reference  to  fig.  2. — This  diagram  represents  a  plan  of 
the  machinery  in  the  fore  part  of  the  carriage ;  kkj  are  the 
eight  throws  of  the  driving;  crank,  the  axis  of  which  turns 
in  plummer  blocks  fixed  on  the  wooden  frame  of  the  car- 
riage; b  6,  the  six  throws  of  the  lifting  cranky  the  extre- 
Diities  of  whose  axis  are  connected  to  the  ends  of  the  axis 
of  the  driving  crank  by  means  of  the  rods  dd.  pp^  are  the 
feet  of  the  propellers,  connected  by  their  rods  oo,  to  the 
driving  crank;  and  si,  are  the  double  straps  by  which  the 
feet  of  the   propellers  are  attached  to  the  liAing  crank. 
The  steam  is  brought  on  from   the  boiler  (situated  at  the 
btck   part  of  the  carriage)   by  the  pipe  rr,  and  passing 
through  a  breeches  piece  enters  the  cylinder  ntiy  by  the 
hollow  trunnions  f /,  on  which   they  vibrate;    the  steam 
passes  out  of  each  cylinder  through  the  opposite  trunnion'^, 
and  escapes   by  the   pipe  u,  to  the  condenser.      The  ex- 
(^nal   diameter  of  each    cylinder   is  five   inches.      The 
boiler  used  in  this  carriage  is  one  of  Mr.  Gurney*s  patent 
Construction. 

It  will  be  perceived  that  there  arc  three  throws  to  the 
<iriving  crank  on  each  side  of  the  carriage;  on  one  side 
^bey  radiate  from  the  axis  at  ISO  degrees  apart ;  they  are 
the  same  on  the  opposite  side,  but  so  posited  us  to  come  in- 
termediate with  the  throws  of  the  former;  that  is,  when 
tbe  crank  is  viewed  end-ways,  all  the  six  throws  appear 
Uniformly  at  sixty  degrees  apart.  This  arrangement  is 
essential  to  the  proper  action  of  the  propellers,  which  is, 
that  when  a  propeller  on  one  side  has  been  thrust  out, 
another  propeller  on  the  opposite  side  shall  succeed  its 
movement,  instead  of  an  adjoining  one.  The  action  of 
these  propellers,  which  we  have  seen,  is  very  beautiful; 
a  more  uniform  and  perfect  movement  cannot  well  be  de- 
mised by  simpler  means.  The  annexed  diagram,  fig.  3, 
will  afford  a  clear  idea  of  their  action. 

(The  large  crank  on  the  left  shews,  at  1,  3,  5,  the  three 
throws  of  the  driving  crank  on  one  side  of  the  carriage;  and 
tbe  small  crank  on  the  right,  tbe  same  of  the  lifting  crank ; 
the  respective  throws  of  each  crank  are  parallel,  and  they 
tontinue  bo  by  revolving  together;  the  figures  2,4,6,  in» 
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termedlate  between  the  throws  of  each  crank,  mark  thf 
situation  of  these  throws  on  the  opposite  side  of  the  car- 
riage. It  will  now  be  seen  that  the  propeller  marked  I* 
is,  by  the  position  of  the  crank,  being  just  lifted  from  tW 
ground,  while  that  marked  2,  (which  is  on  the  oppouti 
side)  would,  had  it  been  drawn  in,  be  just  commencing  id 
operation  ;  then  3  on  this  side,  falls  into  the  position  of  S 
and  1  ;  then  4  on  the  other  side  follows,  and  in  like  nio- 
ner,  5  and  6.  Thus  by  the  revolution  of  the  cranks,  tW 
feet  of  the  propellers  are  made  to  describe  an  ellipsis:  thn 
first  touch  at  the  heel,  and  by  their  curved  Hg are  roil 
round  to  the  toe,  (as  the  carriage  is  thrust  forward)  wIh^ 
they  are  drawn  up^  although  this  must  be  their  motion,  i1 
could  not  be  perceived  when  a  carriage  was  BBOvinc 
rapidly;  they  would  appear  just  to  touch  the  ground^ii 
considerably  greater  distances  than  the  actual  space  be 
twcea  the  propellers,  owing  to  the  impulse  given  to  \ht 
carriage^  by  each  successive  push. 

It  has  been  stated,  that  if  one  of  these  propellers  wC 
to  be  forced  against  the  perpendicular  side  of  a  stMe 
firmly  imbedded  in  the  road,  a  breakage  of  the  propeller 
must  be  the  result;  but  it  appears  to  us,  that  if  the  proprt- 
lers  are  as  strong  as  their  construction  would  lead  ui  to 
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Ihey  are,  the  only  effect  of  such  a  circumstance 
would  be  to  give  the  carriage  an  increased  impetus. 

The  power  required  to  give  motion  to  a  carriage,  is  in 
proportion  to  the  force  of  gravitation  which  keeps  it  at 
rest»  When,  however,  that  force  is  overcome,  the  mo- 
bentum  given  would  be  continued,  but  for  the  friction 
Uid  the  resistance  of  the  bodies  moved  through.  This 
rill  account  for  the  rapid  travelling  of  our  ordinary 
tage-coaches;  the  momentum  having  been  given,  the 
brce  requisite  to  continue  their  motion  is  comparatively 
Blftll.  In  Mr.  Gordon's  locomotive  carriage,  (he  impulse 
k  given  under  nearly  similar  circumstances  to  those  of 
lage-coachcs  drawn  by  horses;  consequently,  the  effect 
Mil  be  nearly  the  same.  A  carriage  was  constructed  or 
be  aforesaid  plan,  and  some  experiments  made  with  it, 
rhich,  though  not  so  successful  as  was  expected,  proved 
be  feasibility  of  the  project ;  the  steam  power  provided 
tU3  found  inadequate  to  produce  the  required  velocity  of 
lotion. 

rt  Sieam  Carriage^  by  Mr*  Goldsworthy  Guntey^  of 
Argyle  Street.    1828. 

The  following  is  a  description  of  Mr.  Gurney's  more 
^cent  combinations,  which  have  formed  the  subject  of  a 
K:ond  patent,  in  1828.  The  new  carriage  differs  but 
ttle  from  the  former  one  in  its  external  appearance;  by 

reference  to  the  description  of  which,  whilst  perusing 
ie  subjoined  account  of  the  new  arrangemrnl>i,  the  reader 
ill  be  able  to  form  a  correct  idea  of  the  whole.  The 
rincipal  novelties  are  the  following: — 

The  coachman,  or  conductor,  occupies  the  front  seat 
ver  the  fore-boot  of  the  carriage,  the  lower  seat  being 
siBOved.  The  four  chimneys  of  the  former  carriage  arc 
ibstituted  for  a  single  one  of  great  width.  The  water- 
lok,  instead  of  being  above  the  perch,  and  extending  the 
hole  length  of  the  carriage,  is  now  placed  below  the 
crch,  and  lies  botween  the  fore  and  htnduheclH.  The 
ropellers  are  removed  entirely.  A  blowing  machine  is 
itroduced,  for  maintaining  a  sharp  draught  in  the  fur- 
S4.  4  a 


54G 


GURNCv  fi  latpiiorro 


iiace,  which  i^  worked  by  a  separate  cyliodcr  frooi  Umw 
employed  in  propelling  the  carriage.  A  mode  of  iMiliag 
Ihe  water  before  it  is  admitted  into  the  boiler,  and  aiia4> 
ditional  force-pump  unconnected  with  the  enj^ine,  to  be 
worked  by  hand,  to  throw  in  an  increased  supply  of  watH 
into  the  boiler  whenever  needed,  are  abo  adopted. 

The  coach,  in  its  form  and  accoramodationtt,  bean  a 
close  resemblance  to  the  stage-coaches  at  prcsenl  in  mt- 
It  has  a  fore  and  hind  boot,  on  which  ai^  aeftU  for  tk 
passengers,  and  a  box  in  front  for  the  coachmaa»  with 
room  for  a  passenger  beside  him.  The  body  of  the  caf- 
riage  is  supported  upon  tlircc  parallel  perches,  exi 
its  whole  length ;  the  hinder  part  haugtc  upon 
fixed  upon  the  perches,  immediately  over  the  asU  of  iW 
hind  wheels,  and  the  forepart  h  placed  upon  iroaaip 
ports  on  the  perches.  The  carriage  runs  upon  six  whatik 
a  small  pair,  called  the  pilot-wheels,  being  placed  iafrcMt 
for  guiding  the  vehicle;  these  are  connected  to  the  anb- 
nary  fore  wheels  of  the  carriage  by  a  small  curved  pefcK 
which  admits  the  axle  of  the  former  being  placed  obUqvr 
to  the  latter,  by  the  turning  of  a  lever,  filled  oa  to  thr 
upper  extremity  of  an  upright  spindle,  which  ia  attacM 
to  the  axletree.  The  hinder  extremity  of  thaa  Mftmll  fard 
18  attached  to  an  iron  frame  supported  upon  springii  tkd 
are  fixed  on  the  axletree  of  the  fore  wheels;  m  IttUe  li» 
fore  the  axletree,  a  strong  pin  passes  throU|^h  tht  mtM 
perch  and  the  centre  main  perch,  which  serves  «a  a  atmin 
of  motion  to  the  small  perch«  so  that  the  pilot-arbarii 
being  placed  obliquely,  the  perch  turns  upon  the  pm^mi 
the  fore  wheeU  of  the  carriage  with  ii.  Wbea  n^acM 
upon  by  the  steering  lever,  the  pilot-wbeela  are  auih 
tained  at  right  angles  to  the  perch  by  means  of  sprinp. 

The  blowing  machine  is  placed,  as  beforemcntiiMMdi  it 
the  fore  boot ;  it  consists  of  a  ily  of  five  vanca,  tkal  r^ 
volve  on  a  vertical  spindle,  similar  to  a  wiaiK>wiaf  ■•* 
chine,  but  in  a  reversed  position  ;  this  apparvtua  k  woriaJ 
by  a  small  horizontal  steam  cylinder  placed  beneatk,  aa 
Ihe  frame  of  the  carriage.  The  i^iston  rod  of  this  cyliMfav 
ia  connected  to  a  crank  on  the  axis  of  a  fly*wlMel,  retal- 
ving  in  a  horvzoulal  direction  above;  and  to  the  ^« 
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Krankisattached,  by  an  intermediate  rod,theplunger  of  the 
-pump,  which  injects  the  water  into  the  boiler.  The 
m  engine  thus  drives  the  blowing  machine  and  the 
rce-pump,  the  fly-wheel  serving  to  equalise  the  motions 
both.  The  connexion  between  the  Mowing  machine 
d  this  steam  cylinder  is  lhu3  arranged:  uti  the  vertical 
of  the  fly-wheel  are  fixed  snuiH  band-wJu*eld  or  pul- 
of  dilferent  diameters,  and  on  the  vertical  spindle  of 
blowing  machine  are  fixed  other  pulleys,  which  being 
ected  to  the  former  by  an  endless  band,  arc  driven 
rith  them;  the  varied  sizes  of  the  pulleys  enabling 
e  engineer  to  force  the  air  through  the  machine  with 
y  required  rapidity.  The  air  enters  the  blowing  ma- 
ne at  the  bottom  of  the  circular  box,  wherein  the  vane^ 
rolvp,  and  is  forced  out  at  the  side  into  a  broad  flat 
be,  called  the  ^^air  passage,**  which  leads  under  the 
tody  of  the  coach  inlo  the  ash-pit  of  the  furnace. 
{  This  boiler,  which  is  placed  in  the  hind  boot,  consists  of 
too  or  three  series  of  pipes  of  an  inch  bore,  bent  into  the 
^mof  a  horse-shoe,  and  supporting  the  tire-grate  at  their 
pper  and  lower  extremities,  with  two  horizontal  tubes 
f  larger  dimensions,  into  which  the  open  ends  of  the  be- 
^re-mentioned  smaller  bent  tubes  enter  and  arc  fixed; 
lid  the  two  large  horizontal  tubes  are  connected  by  a 
iriea  of  ten  open  vertical  pipes.  The  whole  of  the  bent 
dbes,  the  lower  straight  horizontal  tube,  and  the  half  of 
^  upper  one,  (which  may  be  termed  a  steam  reservoir,) 
fefe  kept  filled  with  water.  From  the  top  of  the  steain 
Ikamber  proceed  two  curved  pipes,  which  enter  two  large 
^rtical  tubes  of  strong  plutc-iron,  strengthened  by  hoops 
iKternally;  these  last  arc  called  separators;  they  com- 
lunicate  at  their  lower  ends  with  the  boiler,  and  at  theii 
pper  ends  by  a  connecting  tube,  from  which  a  branch 
^ters  the  chimney,  and  passing  over  the  top  and  down 
^  back  of  the  furnace,  is  carried  through  the  air  pas- 
tge,  along  through  the  fore  boot,  and  back  again,  as  far 
I  the  centre  of  the  carriage,  where  it  is  :onnccted  with 
too  horizontal  cylinders,  firmly  secured  between  the 
lain  perches,  and  serving  to  give  motion  to  two  cranks 
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on  theaxia  of  the  hind  wheeb,  by  which  meaiM  the  or- 
riage  19  impelled. 

The  steam  la  worked  expaneiYely,  being  nhui  offal  Uf 
(he  stroke  by  means  of  a  tilidc  valve,  the  rod  cf  which  ii 
worked  by  a  cam  on  the  axis  of  the  hind  wbeeb.  TW 
slide  valves,  by  which  the  stonm  is  admitted  to  tbenit- 
ders,  arc  worked  by  a  lever,  on  the  axis  of  Mhicb  is  iaai 
an  elliptical  ring;  and  to  reverse  the  roolion,  a  Jim  ii 
attached  to  the  rod,  and  placed  within  reach  of  ihecoMk- 
man;  by  pulling  this  line,  the  pin  is  brought  ialo  ifci 
upper  notch,  and  the  motion  of  the  carriage  thereby  f» 
versed. 

Beneath  the  main  perches  is  placed  the  lank,  for  lb 
supply  of  the  boiler;  it  communicates  (by  pipes  ffMi ill 
lower  part,)  with  the  force-pump  beneath  the  foM  Iwlt 
and  also  with  a  small  forcer  placed  within  reach  of  lit 
fire-man,  who  siu  behind  the  boilers.  Immediately  abovt 
the  tank  is  a  flat  vessel,  through  which  the  «tram  pMMi 
from  the  eduction  pipe,  and  thence  by  another  pipe  nlD 
the  chimney. 

The  pipe  from  the  force-pump  passes  thron:^h  the  tir» 
chamber,  and  forming  a  coil  above  the  horM.*-«hoe  lobHi» 
delivers  the  water  into  the  upper  part  of  the  sIomd  da** 
ber.  The  supply  from  the  pump  mny  be  dtioinivlwd  ^ 
partially  opening  a  small  cock,  uhich  allowa  a  fmrlMwat 
water  to  return  to  the  tank. 

Any  part  of  the  preceding  account  that  <  1    ^       'fttvrab* 

struse  to  the  reader,  will   be   rendered   pt .  cUmrbf 

an  inspection  of  the  subjoined  engraved  verliral  we- 
tton  of  the  machine,  together  with  a  reference  to  IWM" 
lowing  explanatory  letters. 

a  a  a,  a  series  of  small  tubes,  in  two  or  nuMY  nd^K*"^ 
forming  (he  boiler,  the  interior  rnnge  serving  to  Mppurl 
the  fuel;  these  tubes  are  connected  with  6  A,  Iwa  lef|vr 
tubes,  the  upper  one  forming  a  steam  chamber;  r^mtmwi 
a  range  of  tubes  connecting  b  b  tofrr^lher:  </,  one  of  tfc> 
two  separators,  connected  with  b  b  by  two  curved  pipa; 
c  c  p,  ftteam  pipe  proceeding  from  the  upper  part  of  ih» 
l^eparator,  and   passing  down  through  the  chtauiey  aa4 
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beneath  the  body  of  the  carringe  into  the  fore  boot, 
whence  it  descends  toy,  the  cylinders  which  propel  tW 
carriag^e  by  means  of  cranks  j^,  on  the  axU  of  ihe  himi 
wheels;  hy  an  eccentric,  which  works  the  slide-f alve i, hy 
a  lever  turning  on  its  centre,  and  to  the  extrt«utMo( 
which  lever  an  elliptical  ring  i,  ia  attached;  /  i^  a  IJm^ 
fastened  at  one  end  to  an  eccentric  rod,  and  at  the  o(b#r 
end  to  a  uhort  lever  in  the  fore  boot,  which  nu)  be 
elevated  by  means  of  the  lever  m;  this  raising  tbe  rocca- 
tric  rod,  causes  the  pin  in  its  extremity  to  act  npoD  iW 
upper  iiide  of  A*,  and  thus  reverses  the  motion  of  therar- 
riage;  n,  lever  for  regulating  the  throttle-valvi*  0;  ^ 
eduction  pipe,  opening  into  a  flat  chamber  9,  in  whicb  tW 
steam  expands,  and  Ihence  parses  through  thr  wa«lr  p^ 
r  r,  into  the  chimney  J  s;  /,  tank  for  water;  ic,  force-pavf, 
supplied  by  the  suction  pipe  r,  nnd  forcing  the  nalcr 
through  the  pipi^  .v  .r  v,  (which  foruks  a  coil  abofe  tk 
boilers,)  into  the  tubulur  boilers  ana;  y,  a  Bto|>^ock,lf 
which  the  supply  from  the  force-pump  Ia  regulai<^,  Uf 
requisite  portion  being  allowed  to  return  into  the  liak; 
2,  seat  for  the  fire-man;  1,  a  blowing-machine,  or  fraar 
driven  by  bands  from  the  axis  of  the  fly-wheel  S,  wkidiii 
worked  by  a  small  engine  3,  serving  also  to  work  tb 
force-pump  u;  4  4  4,  steam  pipe,  supplying  Um  cngiMt; 
5  5,  air-channel,  leading  from  the  blower  to  the  fttnatti 
6,  guide-wheels,  which  may  be  placed  obliquely  to  tW 
perch  8,  by  the  lever  7;  9,  centre  of  motion  on  whick  tbr 
perch  8  turns,  thus  turning  the  fore  wheels,  ua  ibeaxbW 
which  are  springs  that  support  the  fore  part  of  thecoacA; 
11,  force-pump,  to  supply  the  boilers,  in  case  tbe  water  ii 
too  low  to  be  worked  by  the  fire-man. 


Patent  Steam  Phaeton,  by  Dr,  Marland^  qf  &artoiMpL 

1828. 

The  improvements  contemplated  by  Dr.  Flarlaad,  V 
titated,  in  his  specification,  to  consist,  first*  in  the  cottitr^ 
tion  of  a  boiler,  by  which  a  very  large  surface  of  tkf  fit 
and  flue  will  be  placed  in  contact  with  the  water,  fer  t^ 
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rapid  production  of  steam;  3econ<lly,  in  the  employ 
of  a  condenser,  which,  by  its  extensile  surface,  dMllca*- 
dense  the  steam  by  the  influence  of  the  atBMiap4ffv; 
thirdly,  in  a  mode  of  Gxing  the  working  cylinder,  wttkoM 
allowing  it  to  vibrate  in  hollow  arms  or  tmnoiaai, 

a  a,  represents  the  bed  of  the  carriage ;  6  1  mmd  b%ik$ 
boiler,  composed  of  two  double  cylinders,  6  I  eoBlaWaf 
the  fire-grate  and  ash-pit,  and  the  cylinder  6  2  contataMf 
another  double  cylinder ;  so  that  there  are,  in  fact,  Iknf 
double  cylinders,  each  full  of  water,  and  coniiuumcali^ 
with  the  reservoir  and  steam  chamber  c,  which  most  haaf 
sufficient  capacity  to  keep  the  boilers  supplied  dariaf  iW 
period  of  one  stage,  and  so  that  they  be  always  full;  d^  ii 
the  chimney;  e,  a  damper,  by  which  the  boiler  ft  S^atf 
occasionally  be  withdrawn  in  part  from  the  action  ef  Iht 
lire;  /,  is  a  spherical  vessel  on  the  top  of  the  iiMfidf, 
the  object  of  which  is  to  prevent  the  water  throwa  9f 
with  the  steam  boinrr  driven  with  the  steam  into  the  pi^ 
y,  which  conveys  it  to  the  working  cylinder  k ;  this  cylit* 
der  is  secured  horizontally  to  the  bed  of  tbc  carriagi^airi 
having  guides  extending  from  end  to  end^  in  wkidbaih 
rods,  attached  to  the  cross  on  the  piston  rod,  aorCf  Mi 
carry  with  them  the  connecting  rod  k^  which  taras  Ik 
crank  /;  thia  crunk  has  on  its  axis  a  toothed-wheel  a^  aa4 
revolves  on  bearings  placed  on  the  bed  of  the  carria^. 
The  carriage  receives  its  impulae  from  the  engine  mpm 
the  hind  wheels;  the  axis  of  these  carry  small  teoli- 
whcels  n,  which  gearing  into  m,  receive  their  motioaaai 
thereby  turn  round  the  running  wheels.  ArranfaaMto 
are  made  by  the  patentee  for  throwing  the  toothed^whtth 
m  and  n  out  of  gear,  and  bringing  into  opcrmlioo 
pair  of  wheels  on  the  same  axles,  when  additional 
is  wanted;  but  the  apparatus  for  this  purpoae  m  wd 
brought  into  view  in  the  engraving,  to  prevent  coafMHU 
At  o  is  an  eduction  pipe,  leading  to  a  Beries  of  tabe»|; 
which  are  denominated  the  condenning  rhambrra,  uA 
may  l>e  used,  either  alone  or  in  conjunction  with  water,!* 
condense  the  steam  on  leaving  the  cylinder;  9,  b  a  pip 
for  conducting  the  hot  water  and  uncondensed  steam  iat* 
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mto  R  globular  vessel  r,  connected  ^^'ilh  an  additional 
Mrics  of  condensing  pipes  «,  of  an  annular  forniy  and  con* 
neetsd  with  each  other  by  nhort  pipes;  ^  is  a  pipe  for  re- 
tvning  the  condensed  water  from  r  to  the  boiler,  by  the 
lid  of  a  small  force  pump,  t;  is  a  forked  rod  attached  lo 
tlM  steering  wheel  jr,  and  descending  into  holes  in  the 
anmof  the  fore  wheels,  and  having  liberty  to  move  up 
■nd  down,  according  with  the  inequalities  of  the  road; 
(b  vertical  standard,  upon  which  the  upper  steering 
vbeel  X  is  fixed,  also  forms  the  centre  of  motion  to  the 
msof  the  fore  wheels,  and  is  thereby  made  to  direct 
them  in  their  course. 

The  advantages  contemplated  by  Dr.  Harland  in  these 
tningements,  will,  we  fear,  not  be  realised.  In  the  con- 
itraction  of  the  boiler,  there  is  nothing  upon  which  we  can 
csngfratuiate  him.  The  attempt  to  condense  the  stean^ 
Imi  been  long  siiico  abandoned  by  those  who  have  had 
the  nost  experience  on  the  subject;  it  is  evidently  imprac* 
tictble  to  carry  sufficient  water  to  effect  even  a  tolerable 
coadensation ;  the  conducting  power  of  the  air  is  much 
too  slow  for  the  abstraction  of  the  heat,  and  it  should  lie 
cottiidercd  that  the  air  which  is  liberated  from  the  boiling 
nter,  would  require  a  pump  to  draw  it  off,  which  would 
idd  complexity  to  the  machinery.  With  regard  to  the 
Aodeof  fixing  the  cylinder,  it  differs  but  little  from  that 
adopted  by  Mr.  Gurney.  The  mode  of  communicating 
the  power  to  the  wheels  is  extremely  defective,  for  it  will 
he  observed  that  the  driving  toothed-wheels  m  are  (in 
^^^t)  mounted  upon  the  springs  of  the  carriage,  above 
^^drifen  toothed-wheels  n,  by  which  means  they  will  be 
^ntinually  liable  to  be  thrown  out  of  gear  by  the  motion 
**^the  carriage,  and  the  teeth  will  be  liable  to  break  from 
'■'e  same  cause. 

^utaU  Method  of  Propelling  Carriages^  by  Mr,  J,  Holland. 
London,  1828. 

This  invention  consists  in  the  application  of  an  arrange- 
ment of  levers,  similar  to  that  commonly  known  by  the 
'^me  lazy-tongs,  for  the  purpose  of  propelling  carria(j:cs. 

24.  4  II 
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The  objects  appear  to  be,  to  derive,  from  the  reciprontiaf 
motion  of  a  short  lever^  a  considerable  dr|;r<>e  of  9pee^ 
and  to  obtuin  an  abutment,  against  which  the  propeklvfi 
hhould  act  horizontally  in  the  direction  of  the  inoli«««f 
Iho  carriiigp,  instead  of  ohliquoly  to  that  motioo,  uktW 
case  when  carriages  are  impelled  by  levera  striLiAf  tW 
jMrlh.     The  drauinn;s  attached  to  the  specificaiioft  mtm 

ligncd  rather  to  explain  the  principle,  than  to  repcvMst 
what  the  patentee  would  deem  an  eligible  form  of  iU  ap- 
plication. 

a  lit  one  of  the  main  wbeoUof  the  carriA|ce;  atUcM 
to   the  uxlc   in  a  Ions;  ^iiidc-rud   b    by  exteiidini^  before 
and  behind,  and  passing  throug:h   holes  in  ibc  blocks  cc« 
placed  over  the  beds  o(  the  propelling  wheeU  d  d;  «  9a$m 
double  pulls,  acting  against  two  set)  of  ratchet  m 
the  buxos  of  d  d;  f  (  standards  attached   to  ihe 
axles  of  </ d,  and  serving  to  place  ihcni  in  moy  rn^ttired 
position,  by  means  of  the  wheels  at  the  top  of  tben;  f  9* 
series  of  expanding  levers,  the  central  pair  pUvin^  apoio 
the  main  axle;  A  A  a  pair  uf  longer  bar^,  cotmecieii  «iife 
the  two  l)Qr4  <;  f^  at  their   lower  en<i-f,  nud  with  each  othvC 
at  their  upper  ends  by  a  bur,  shown  by  doU,  betwera  tW 
uprights;  the  fulcrum  /,  a   lever  connected   by  ■  mptai* 
with  ri.  a  counterweight,  supported  by  two  short  b^nctf^p 
suspended  from  the  lower  ends  of  two  of  the  bare <; 9.  ^^ 
fly-wheel,  connected  with  the  upper  cxtremiliea  of  tki0 
bars  A  Af  which   rise  and   fall   in   grouve-^,  in   Ibe  aprigl^ 
post  y,  the  lly  serving  to  cc|ualiiie  the  motion,     r  tbi?  pUt-* 
form  or  carriage. 

The  action  is  us  follows  : — Suppose  tho  apparatus  la  tl^ 
position  shown  in  tlif  engraving;  allow  tkc  weight  ■  i^ 
descrnd,  and  tho  levers y  9  will  collapsa;  but  astbc  «hirA« 
dd  can  only  revolve  in   the  direction  of  lli>  <"• 

account   of  the   palls  r  r,   the   wheel  d  I    will  i  -"•" 

tionary,  and  the  wheel  d^  and  the  main  wheel  fi,  «rtll  t 
dmwn  towurtU  d  1.     On  rniKing  the  weight,  1^  9 

will   be  extended,  and  y  t^  now  becoming  atai' 
centre  wheel  a  and  d  I,  will  ha  pushed  forward  frostfS- 
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Several  oTthc  before-nientioned  iinderlakiogi  to 
struct  locomotive  c^rria^cs  tor  the  commoa  road  ban 
cither  ceased  or  been  suspended,  owiog  (o  a  deficieaeyaf 
funds  to  continue  their  experiments;  other  undertaiiap 
have,  however,  been  commenced,  and  lli«rrr  arr  indical 
of  many  mure  candidates  for  the  hii^h  honour  of 
pushing  this  greatest  of  all  mechanical  works.  Aaaaf 
those  which  have  been  suspended,  that  which  Sir  Jaan 
Anderson  and  Mr.VV.  II.  James  were  concenit^d  in,  we  hart 
had  repealed  opportunities  of  observing  moat  of  theili^ 
cullies  successively  suniiounied,  and  Kuch  a  a^itoa  «l 
machinery  introduced,  a»  bid^  lair  to  realise  succeaa. 

It  was  in  March,  1824,  that  Mr.  W.  H.  Jamet,  of  tk 
above  firni,  took  out  patents  for  a  steam  carriaicr,  iW 
principal  arran^emcnL^  uf  which  art*  already  deacribedtl 
page  529;  bat  it  was  not  until  three  or  four  year»  aArr^ 
wards  that  he  was  enabled  to  reduce  his  theories  lo  prac- 
tice, by  the  roiistruclion  of  a  complete  machine^  tir 
interim  being  chiefly  employed  in  the  oon«trtietioo  i^ 
boilers  and  engines  suited  to  locomotion  on  the  coaHM 
road, — a  Ux^k  found,  by  experience,  lo  present  wmny  M- 
foreseen  dilFioultics. 

Haiiitg  at  length  obtained  the  command  of  a  pfti 
power,  in  a  \ery  small  &pace,  einbnicing  per/tct  ttfi^l 
from  explosion,  Sir  James  C.  Andei'son,  Hart,  of  Ball^• 
vant  Castle,  Ireland,  connected  himself  with  Mr.  Jatfi 
in  the  building  of  carringe.s.  Those  who  have  not  M 
the  opportunity  (like  as)  of  watchinj;  the  progres  of  la 
undertaking  of  (his  kind,  cannot  well  conrrive  tbo 
roui  delays  that  take  place,  from  various  causea,  u 
sary  to  explain.  For,  however  well  digested  ibe 
arrangement.^  may  appear,  iniprovemenis  are  i  miliaaiHl 
suggesting  themselves,  so  as  to  make  it  an  almost  coMtMl 
doing  and  undoing,  for  a  considerable  period  of  tinr.  b 
a  machine  necessarily  consisting  of  numerous  pArtL 
combinations  are  required  lo  produce  crrtaia 
which  have  never  been  tried,  and  which  cannot  be  irM 
until  the  ivbole  apparatus  be  put  together.  Let  Ihemitf 
now  rcllcct  nhal  is  the  nuture  of  (bat  trial,  and  bow  rtn 
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different  it  is  from  that  of  a  carriage  moring  upon  tha 
kard  and  almost  perfect  plane  of  an   iron  railway,  which 
allows  the  vrheeU  to  roll  with  undoviatin^  regularity,  and 
^ilh  only  a  very  dlighl  resistance.    On  the  comtnon  paved 
and  gravelled  road,  the  varieties  of  the  surface   cause  a 
lonstant  succession  ofviolent  concussions  and  vibrations 
ftf  the  machinery/  renderings  those  parts  that  are  connected 
liable  in  be  strained  or  broken,  and  those  that  work  near 
together,  to  strike  or  rub  against  each  other.     In  every 
experiment  some  defect  is  discovered;  then  the  alteration 
»f  one  part  generally  entails  the  alteration  of  another,  and 
mch  successive   alteration    is   scarcely    made,     than    the 
Ictire  mind  of  the  inventor  discovers  something  better, 
nd   another  arrangement  of  parts   is  the  result.     Thus, 
rhile  improvement  succeeds  improvement,  time  proceeds, 
rhich  induces  those  persons,  who  know   nothing  what- 
irer  of  the  subject,  but  who  wish  to  appear  sagacious,  to 
rl  success   to   be    impossible,    and    to   ridicule    every 
tempt  to  attain  it.     It  happens,  too,  sometimes,  that  de- 
ion,  instead  of  improvement,  takes  place  by  the 
ve  alterations,  and  thus  theoriginal  strongly-framed 
chine  gets  cut  to  pieces,  and  requires  numerous  patch* 
gs  and  bracings,  that  do  not  confer  an  adequate  strength 
compensate  for  the  increased  weight 
A  four-wheel  locomotive  carriage,  possessing  all  these 
isad vantages,    and    weighing    nearly    three    tons,    was 
rtarted  on  the  5th  March,  I^<21:),  on  Epping  Forest.     This 
ponderous  mass  of  iron   and    wood    was   provided   with 
wo  working  cylinders  of  only3{  inches  in   diameter,  the 
wer  of  which  was  applied  to  the  hind-wheels.      The 
team  was  supplied  by  two  tubular  boilers,  each  forming 
by  the  arrangement  before  described)  a  hollow  cylinder, 
bur  feet  six  inches  long,  with  an  internal  diameter  of  one 
bot  nine   inches,  where  the  fire   was  made.     With  this 
pparatus    the  carriage,  loaded   with   fifteen   passengers, 
ras  propelled  several   miles  on  a  rough  gravelled  road, 
acro^  Epping  Forest,  with  a  speed  varying  from  twelve 
lo  6fteen  miles  the  hour.     It  should  here  be  observed  that 
tubes  of  which  (he  boilers  were   cun)poscd.  were    the 
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common  gas  tubes,  in  which  Ihe  seams  arc  formed  by  Wioi* 
ing  the  edges  together,  where  they  are  weldrd.  Thitprtp 
cess  of  welding  is  effected  by  machinery  with  great  rapidU}, 
and  ulthough  it  answers  very  well  fur  cold  ^«t  ai  tk 
ordinary  pressures^  is  not  adapted  for  sustaining  the  ftf^ 
sure  of  very  high  steam,  together  with  the  eflcclii  of  lit 
fire,  and  was  only  employed  in  the  present  instAoc«  m% 
temporary  experiment,  which  aUo  proved  its  inade(|U«<>, be 
the  scams  of  one  of  the  tubes  opening,  and  letting  tkewalxr 
out  of  one  of  the  boilers,  extinguishing  it*  lire  and  redacrt^ 
the  intensity  of  the  other,  there  being  a  communicatia 
between  tlieni.  Thus  circumstanced,  with  ooN  ow 
boiler  in  operation,  the  carriage  returned  home,  at  the  nil 
of  aliunt  seven  miles  un  hour,  carrying  more  ihmn  tsmlf 
passengers, — ut  one  period,  it  is  said,  a  much  greater  aB» 
ber;  shewing  that  Hullicient  steaiu  can  be  generalrJ  ■ 
such  a  boiler,  to  be  equal  to  the  propulsioa  of  bat  wan 
live  and  six  tontj  weight. 

In  consequence  of  this  flattering  demonstration  thal^ 
mo^t  brilliant  success  was  attainable,  the  proprietor!^ 
iiiuntled  (he  carriage,  uud  commenced  the  corulructioaif 
superior  tubular  boilers,  in  which  the  tubea  wer«af  il 
same  internal  diameter  (one  inch),  but  of  greater  at 
being  three-sixteenths  of  an  inch  thick,  and  the 
ded  with  a  good  overlap.  Here,  however,  a  new  %ourttli 
vexation  took  place,  from  the  proprietors  not  being 
tically  experienced  in  the  quality  of  iron  proper 
purposes,  which  should  he  either  the  very  beat 
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iron,  or  a  quality  simihir  to  that  manufactured  by 
.Adiims,  of  ^^  Wednesbury  Forge,**  and  distiogiiI«bid  tf 
the  term  best  hoX'ptates^  being  used  for  making  tba  wnui^ 
iron  boxes  to  coach  wheels.  Ironofthiti  kind  isaoescii^ 
ingly  tough  and  malleable,  as  to'*  work  like  lead**  (asiai^ 
significantly  describe  it),  under  the  hammer.  Tbe^^bi' 
London  scrap,**  the  "BB,'*and  many  other  »n--  '^' 
are  recommended  by  dealent  as  of '^superior*'  qnr. 
decidedly  uiifil  for  making  tubular  high-pr««ure  boiirfK 
wliercin  the  tube*)  are  much  l>en(.  Every  boiler 
factured  by  Me!»t^rl».  Anderson  and  JaDie»,  of  other 
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of  iron  than  those  above  recoiiinionded  by  us,  fit'ilrd  :  thtt 
is  to  say,  tii^ures  were  either  opened  in  the  bending  of  iW 
tubcH  to  the  required  form,  or  were  subscqarntly  cipnH 
in  the  working  of  the  boilers,  so  as  to  render  then  aafti 
for  the  objeci  designed.  From  these  caus^  ftrat  dtiM}% 
and  expenses  were  incurred,  and  it  was  not  ttnlil  tk 
month  of  November  18^,  that  asmall  carriage  wi 
out,  represented  by  the  sketch  on  the  prrcrding  pagp. 

The  Hgure  exhibits  a  side  elevation,  and  from  its 
nutive  size,  (as  shown  by  the  scale)  wa«  not  intemifdll 
carry  any  inside  passengers,  but  to  bo  employed  to  4nf 
another  carriage  behind  it.  The  boilers,  four  in  nuvbrr, 
vrrrc  wholly  of  wrought-iron  tubes^  Ihree-fourlln  of  n 
Inch  in  diameter  ;  and  although  on  the  name  prinriplt  m 
Mr.  James's  boiler,  previously  described,  the  form  of  fad 
(instead  of  circular,)  was  that  of  on  oblong  dlipftc,  ii« 
upright  position,  for  the  purpose  of  getting  a«  bin;** 
surface  ol*  metal  as  possible  exposed  to  the  hratof  tbcfu- 
nace;  as  by  this  arrangement,  nearly  two  huodrrd  Ulb^ 
measuring  upwards  of  four  hundred  feet,  were  iocl<Hr4 
ill  a  space  four  feet  wide,  three  feet  long,  and  two  ferl 
deep,  including  the  furnaces,  (which  were  inside  iW 
boilers),  besides  the  flues  and  n<-1i-ho1e«.  The  utenH  ftm 
Micb  of  the  boilers  was  conducted  into  one  rrr;  «tn)l| 
tube  above,  of  an  inch  and  a  half  diamoirr,  to  snpply  ik 
engines;  each  of  the  pipes  of  communieatiun  to  it 
provided  with  stop  cocks,  to  cut  otf  the  contmunicati 
any  boiler  that  might  become  unserviceablo  by  lcaka<*T 
without  afiecling  the  pres«iure  on  the  other  boilers.  TW 
power  was  applied  through  the  medium  of  four  workia^ 
cylinders,  which  might  l>c  considered  as  separate  t  n^ww^ 
being  6tted  so  as  to  work  independently  of  eaclk  olkri 
although  they  might  more  properly  l>o  considereA  m 
pairs,  each  pair  acting  upon  a  distinct  crank,  (tli«  throv* 
of  which  were  at  right  angU*s  to  each  other,)  that  gave 
motion  lo  it^  respective  hind  wheel,  on  the  prtncipk 
described  at  page  531.  These  cylinders  were  only  a  fosl 
long,  three  inches  and  n  half  outside,  and  two  inchn  ami 
a   quarter  inside,  diameter;    the  pistons   were  mriattir. 


king  a  nine-inch  stroke.     The  c)lin<lers  were  posited 

rticallvy  and  vibrated  upon  trunnion!-:,  through   uliicli 

re  made  the  induction  and  eduction   passages,  covered 

conical  valves,  forming  an  external  shell  to  the  trun- 

ions,  close  to  their  bearings  in  the  plummer  boxes. 

Thes»e  engines  were  arranged  at  a,  in  a  row  across  the 

rriage.     The  steam,  after  working  the  engines,  passed 

rough  two  copper  tanks,  which  heated  the  water  therein 

0  such   a   temperature  above  boiling,  as  to  melt  the  soft 

tolder  externally  upon  the  vessels,  and  rendered  it  nccos- 

Hry  to  substitute  hard  solder;  the  steam   was  carried 

tkence  to  the  chimney-funnel  to  escape.     At  c  is  a  door-t 

Irhich  space  across  the  carriage,  and   also  that  at  (/,  were 

for  (he  use  of  the  man  who  attended  to  the  furnaces  and 

boilers,  besides  being  used  as  a  receptacle  for  fuel;  at  the 

ndea,  roof    and    bottom   of  this    room    were    plate-iron 

riintters,  to  afford  constant  draughts  of  air,  as  the  heat 

ftould  otherwise  become  insupportable.  The  engineer  sat 

•n  the  hind  seat  p',  and   at  e,  over  the  engines,  was  a 

iket-iron  flap,   like   the  lid  of  a   box,  and  at  /  sliding 

ki,  enabling  the  engineer  to  keep  his  eye  upon  the 
ing  parts,  and  by  his  spanners  and  other  tools  to  rec- 
tify, if  required,  any  slight  defect  that  might  take  place; 
hii  situation  likewise  permitting  him  to  give  directions  to 
lbt>furnace-mun,andto  hold  communication  with  the  guide, 
who  sits  on  the  box  q.  At  k  is  the  steering  apparatus, 
[^nnsisting  of  an  external  case,  containing  a  vertical  shaft, 
It  whose  upper  end  is  fixed  a  bevelled  pinion,  which  is 
icted  apon  by  a  small  bevelled  wheel  fixed  into  the  axis 
}f  the  double-handled  winch  i  i.  Hy  turning  lliese 
landles,  therefore,  the  shaft  is  caused  to  revolve,  and 
o  give  motion  to  gear  at  the  lower  extremity,  which 
ds  upon  a  toothed  sector  /,  attached  to  the  fore  axle- 
ree,  and  thereby  turns  the  fore  wheels  into  the  required 
losilions.  The  lower  gear,  which  is  contained  in  a  box  k, 
s  adapted  to  increase  the  force  with  a  reduced  motion,  so 
hat  the  guide,  wlio  is  able  lo  turn  the  handles  i  i  quickly, 
>))erates  with  great  energy  upon  the  toothed  sector,  and 
o  overcome  with  facility  the  most  prominent  uf  ordinary 
24.  4  c 
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obstacles  in  the  road.  This  c^uiding' action  hpingidni- 
nistered  with  a  multiplying  power,  through  the  compki 
medium  of  toothed-wheels,  was  found  to  be  far  more 
effectual  and  convenient,  than  when  a  long  le^'er  of  i 
more  simple  form  was  used;  besides  that  the  latter  «tf 
somewhat  dangerous  to  the  guide,  who  was  rendered 
liable  to  receive  severe  blows  by  the  motion  of  the  I005 
handle,  when  the  wheels  happened  to  be  turned  ftsid«  by 
the  opposition  of  stones  lying  in  the  road.  At  m  is  1 
lamp,  not  only  useful  for  lighting  the  road  before  tlw car* 
riage,  but  serving  also  (as  the  prow  of  a  vessel  to  a  man' 
ner,)  to  steer  by.  The  chimney-funnel  was  made  double, 
the  space  between  the  external  case  n,  and  the  intenul 
smoke  flue  o,  being  for  a  current  of  air  to  preveot  tin 
otherwise  unpleasant  radiation  of  heat  laterally.  Tbe 
fuel  preferred  was  a  mixture  of  coke  and  wood  charcoilt 
which  produced  a  good  heat,  and  gave  oCfbut  little  blick 
smoke.  The  motion  was  communicated  to  the  sep«nti 
axles  of  the  hind  wheels  by  spur-gear  of  two  velocitia 
changeable  at  pleasure,  as  the  state  of  the  road  or  olbet 
ciixumstances  might  require:  this  gear  was  enclosed  is 
boxes,  as  shewn  at  A,  and  the  whole  machine  wr«  placed 
upon  springs,  except  the  guiding  apparatus,  wbieb  wtf 
purposely  arranged  otherwise,  as  exhibited  in  the  enfti- 
ving. 

The  body  of  the  carriage  was  placed  no  higher  than 
necessary  to  obtain  security  from  overturning,  and  the  oMWt 
perfect  safety  from  personal  danger  by  the  sudden  extrica- 
tion of  steam,  should  it  happen  that  a  tube  were  to  bunt, 
which  was  barely  possible. 

Ill  the  numerous  experiments  made  with  this  CBrna|t| 
in  which  the  writer  had  an  opportunity  of  riding,  tbe 
greatest  speed  obtained  upon  a  level,  on  a  very  indifierent 
road,  was  three  miles  in  twelve  minutes,  (which  is  at  the 
rate  of  fifteen  miles  the  hour,)  and  that  was  the  greatest 
dislafc*^  ever  ran  by  it,  without  some  accident  occurrii»|[ 
to  ihe  machinery.  The  vibration  of  the  parts,  either 
injured  or  broke  something;  but  what  was  almost  Ufii* 
Ibrmly  the  case,  some  of  tho   joints  or  connexiousof  tbe 


•  TEAM  CARRIAGES.  363 

I  main  steam  pipe  gave  way,  which  prevented  the  steam 

;from  being  conveyed  to  the  working  cylinders,  either  par- 

*tiaH\  or  wholly,  causing  a  regular  decreasing  velocity, 

'until  the  waste  of  power,  through  the  increasing  size  of 

I  the  fissure,  produced  an  entire  stop.     The  greatest  dilE- 

Iculty  appeared   to   be  to   niako  steaui-joints  that   would 

iiustaiii   the   high   temperature,  and  the  shocks  and  vtbra- 

tions  to  which  the  machinery  was  subjected  by  the  jolting 

of  the  carriage  over  a  stony  road.     The  proprietors  of 

lihtH  carriage  were,  however,  unfortunate  in  never  getting 

any  work  properly  executed ;  and  a  capital  error  was,  in 

our  opinion,  committed   in  crowding  the   machinery  into 

too  small  a  space,  which,  while   it  rendered  accurate  fil- 

'ting  and  repairs  difficult,  occasioned  distinct  parts  to  be 

brought   into  injurious  collision   by   the   motion   of  the 

JTchicle. 

We  observed  another  defect  in  Messrs.  Anderson  and 
("James's  carriage,  (of  which  the  proprietors  were  fuHy 
^sensible,)  that  the  periphery  or  tire  of  the  running  wheels 
liras  much  too  narrow,  being  only  an  inch  and  a  half.  In 
consequence  of  which,  they  sank  at  least  twice  the  depth 
Jnto  the  ground  they  would  have  done,  had  their  tires 
'been  double  the  width;  an  acclivity  was  thus  constantly 
^being  formed  before  the  wheels,  which  they  had  to  ascend, 
or  to  continue  the  crushing  operation.  Much  ground,  it 
kbould  be  observed,  that  will  resist  compression  entirely 
Troni  a  broad  wheel,  and  allow  the  carriage  to  roll  over 
^vith  but  comparatively  trifling  resistance,  will  give  way 
sunder  a  narrow  wheel  loaded  with  a  similar  weight.  The 
fchief  disadvantages  of  broad-tired  wheels,  consists  in 
hheir  augmented  weight,  and  their  greater  liability  to 
encounter  loose  stones  lying  on  the  road.  The  narrower  a 
fWheel  is,  the  better,  provided  it  does  not  leave  at*  itnpres* 
mton  in  the  road  ;  but  as  wheels  should  he  made  to  suit  all 
hhe  various  conditions  of  the  road  on  which  a  carriage  hab 
fto  travel,  we  are  disposed  to  think  a  width  of  three  inches, 
Ito  a  pair  of  wheels  bearing  thirty  hundred  weight,  to  be 
a  good  proportion. 
^     In    every   e.xperfnieiit    nuule    niih    this    carriage,    ihe 
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failure  orcffoctin^all  that  was  expected,  could  mnitormlf 
ha  traced  to  some  evident  cause;  and  we  believe  it  vill 
generally  be  foiiiid,  that  tho^^e  individuals  who  have  W ' 
Ihe  most  experience  in  undertakings  of  this  kiod,  «ft 
nothing  of  an  insuperable  nature  in  the  obslaclet  that 
have  hitherto  presented  theni8elve«. 

At  the  present  time,  (September  1H30,)  there  arv  Svcor 
six  different  steam  coaches,  for  the  comrooQ  road,  in  iW 
course  of  building  and  experimenting;  amon^t  whiek, 
one  belong^ing  to  Mr.  Hancock,  of  Stratford,  Eiiwji^  mti 
another  to  Messrs.  Ogle  and  Summers,  have  made  r«f} 
frequent  and  favourable  indications  of  ultimate  tOflf^^H 
It  formed  a  part  of  our  plan  to  include  a  de«eriptMi^|| 
the  la.^t-mentioned  locomotives  in  this  place ;  exiMf 
circumstances,  however,  preclude  that  being  now  doa^lM 
should  an  opportunity  be  suun  uQorded  lo  us  of  in9pectii]( 
the  carriages,  a  description  of  them  will  be  gives  ■!  tk 
cloiie  of  this  work,  which  the  reader  can  ascertaio  bjrco^ 
suiting  the  index. 

The  steam  engine  i^,  however,  not  the  only  locomotin 
power  either  proposed  or  used  for  the  common  roed.  Mr. 
Samuel  Rrown  has  actually  applied  his  gas-vactttts  ft* 
gine  (described  at  page  257)  to  (he  propelling  of  a  carria^ 
but  the  great  bulk  and  weight  of  hid  apparatus,  in  order  to 
produce  the  required  power,  seem  to  render  his  projicl 
almost  hopeless. 

The  elasticity  of  our  atmosphere  has  been  propoaed  l9 
he  applied  to  locomotion  in  a  variety  of  way«.  One  U 
these  waa  by  employing  heat  to  expand  the  air  in  a  clav 
ryliuder,  lo  operate  upon  a  piston,  and  by  (be  subaeqocti 
action  o(  a  cold  medium  to  condense  it. 

Another  mode,  which  has  been  proposed  by  aeYeral  ii* 
dividnabt,  is  that  of  employing  atmospheric  air  in  a  hif^Uy 
compressed  state.  No  less  than  four  individuals  occar  I* 
««,  who  have  recently  taken  out  patents  for  the  •«■» 
invention  (and  we  think  there  are  others  besides),  vhki 
circun:fllanrc  rxhiliits  in  a  stronjj  light  the  ignorance  (l« 
use  Ihe  mildenl  term)  of  the  patent  agenlj*  concerned.  Tit 
pnlenlocs'    names  alluded    lo    are    Medhurst,     WrifK 
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Bombay,  and  Maiin.  The  last-mentioned  individual  (1Vlr. 
n^illiain  Munn,  of  EtIVa  Road,  Brixton,  Surrey,)  has  re- 
cently published  a  lithographic  print  of  his  carriage, 
of  which  the  reader  will  find  a  drawing,  in  the  fifth  volume, 
Vevr  series,  of  the  Register  of  Arts.  Mr.  Mann  has,  how- 
ever, omitted  to  supply  those  details,  by  which  alone  we 
could  decide  upon  its  feasibility. 

Mr.  Mann  proposes,  like  his  predecessors,  to  employ  a 
leries  of  strong  metallic  recipients,  similar  to  the  cylin- 
drical vessels  used  for  portable  gas,  into  which  thirty  or 
Store  atmospheres  are  to  be  condensed  by  the  power  of  a 
lleam  engine,  water  mill,  or  other  adequate  prime  mover. 
A.  sufficient  number  of  these  vessels  are  stowed  in  a 
base  adapted  for  the  purpose,  which  i»  to  be  fixed  under* 
ieath  the  carriage  ;  a  tube  communicating  with  all  the 
recipients,  is  to  convey  the  compressed  air  to  two  working 
Cylinders,  having  the  apparatus  common  to  high-pressure 
(team  engines,  the  piston  rods  of  which  will  give  motion 
Jo  a  crank  on  the  axis  of  the  hind  running  wheels.  It 
k  proposed  to  work  expansively,  and  to  vary  the  cutting 
yS  the  stroke,  according  to  the  degree  of  elasticity  of 
be  air. 

The  velocity  Mr.  Mann  proposed  to  travel  was  fourteen 
liles  ill  the  hour,  which  he  calculates  will  require  two 
kousand  cubic  feet,  of  the  natural  density,  to  propel  a 
arriage  weighing,  with  its  load^  two  tons.  When  the 
oads  are  in  a  bad  state,  it  is  intended  to  charge  the  vcs- 
els  with  a  greater  number  of  atmospheres,  to  overcome 
be  increased  resistance. 

The  patentee  states,  that  the  carriage  is  constructed  (?) 
D  carry  seventy-five  cubic  feet  of  compressed  air,  which, 
I  a  density  of  thirty-two  atmospheres,  is  auHicient  to 
Iropel  it  fourteen  miles  ;  and  if  the  air  were  compressed  to 
e  equal  to  forty-eight  atmospheres,  that  quantity  would 
Iropel  the  carriage  twenty-lhree  miles ;  and  if  to  sixty- 
tliir  atnii>spheres,  thirty-f<>ur  mile«.  The  average  cost 
C  the  power  is  calcnbiled  at  one  penny  per  mile;  that  is, 
fa  steam  engine  be  employed  to  effect  the  conipreti£<Jun 
if  ibc  air  into  the  recipients,   the  cost  in  coals   of  such 
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steam  power,  to  condense  a  volume  of  air  iufficient,  by  ili 
subsequent  expansion,  to  propel  a  carria^   one  mila,it 
one  penny.     Mr.  Mann,   however,  must   know    that  tkk 
would  only  form  one  ileni  iii  the  expense  of  iiarkiA|t 
carriage.     The  proposition  of  propelling  by  a  procoa^f 
this  kind,  is  certainly  specious,  but  those  who  bave  ptrci 
the  subject  their  best  attentiuu,  cun»ider  thai  no  praclical 
means  have  yet  been  devised  to  compenaate   for  the  tam> 
stantly  decreasing   expansive  force    of  the    air    in    Ik 
recipients. 

Various  modes  of  employing  the  atmosphccrc  as  a  loc*> 
motive  power  have  been  put  in  practice  many  yean  ip. 
lo   Holland,   four-wheeled  carriages  were   propelled  b] 
the  wind,  more  than  a  hundred  years  since,  by  the  appli" 
cation  of  suitable  sails  and  rigging  to  the  carriage,  bit 
the  variableness  in  the   force  as  well  as  direction  of  (W 
power,  render  such  a  mode  of  transport  ineligible,  eicrfi 
under  peculiar   circumstances  and  localities.      In  ihm 
countries  where  the  wind  blows  constantly  in  out)  direction 
during  a  great  period  of  (he  year,  it  requiroa  no  giAU 
prophecy   to  foretcl    that   thr    inhabitants  will,  ere   lo«|i 
become  possessed  of  sufbcient  mechanical  knowledge,  U 
take  advantage  of  that  circumstance,  and  make  it  wvk- 
servient  to  their  wants  or  pleasures.     It  is  evidcfilU  u( 
little  consequence  '^  which  way  the  wind  blows,'*  providdl 
it  is  nearly  in  one  line,  (whether  east  lo  west,  or  wcslt* 
enst)  as  the  motion  may  be  reversed  without  any  iDalcriiil 
kMB  of  power,  by  means  of  a  pulley- wheel;   the  aik  af 
those  carriages  having  the   wind  in  their  favoar,  btim 
spread,  and  drawing  other  carriages  In  the  op}'      .''^r^^ 
tion,  with  their  sails  furled.     Of  course,  raki  .  .  j«4 

especially  Mr.  Palmer's  elevated  aingU  rail)*  wonU 
render  such  a  mode  of  communication  acroca  a  cooatr^  of 
the  utmost  efficiency  and  importance. 

The  celebrated  Dr.  Franklin  shewed  many  curionsani 
•omewhat   useful  applications  oC  the  wind,  through  th« 

'  ^  8^«  a  !»!«»  far  ttii«  purpose,  ttiffKesttil  by  tlic  irritcf.  aC  pia^  Uk 
vol.  1,  af  rtnd  »rrie»  of  Rf^t<tter  ni'  Arta. 
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medium  of  kites ;  hut  by  the  patented  invention  of  Colonel 
Viney,  and  Mr,  George  Pocock,  methodH  have  been  in- 
troduced of  regulating-  the  force  derived  from  the  nind, 
and  of  varying  its  direction  so  as  to  apply  it  successfutly 
to  the  propulsion  of  a  carriage.  This  was  proved  by  a 
journey  made  in  18*26,  by  the  before-mentioned  gentlemen, 

from  Bristol  to  London,  in  a  carriage  whicli  they  deiio- 

oiioated  a  Charvolant. 


^igJ. 


Fi^i 


Patent  Charvolant^  by  Messrs.  Viney  ^  Pocock.    1826, 

The  patentees  attach  to  the  car,  or  vessel^  the  cords  of 
,   one  or  more  kites,  according  to  the  force  of  the  nind  and 

the  resistance  to  be  overcome.  The  kite  a,  fig.  I,  is  jointed 
*   in  the  middle,  so  that  it  may  be  folded  up,  and  carried  or 

Btowcd  away  with  greater  facility,  and   thiit   Ii    n  ay  be 
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{iiljusted  so  b9  to  present  to  the  wind  a  surfaro  c^f  uj 
required  dimensions;  this  is  eflecled  by  the  fwar  con^ 
b  b  b  b^  which  are  brought   together   by  pa»in|^  tkrosfl 
the  dead  eye  c,  whence  they  proceed  to  the  car,  and  arr 
arranged  to  the  required  lengths  by  the  persona  llMtm. 
The  cords  are  also  used  for  regulating   ihe  directioaoT 
the  power;   by  shortening  those  on  the  right   hand,  ivWi 
the  car  is  required  to  be  turned  to  the  right,  aDd  IImk 
on  the  left  hand,  when  it  in  required  to  lie  turoedtolk 
left.     But  the  churvolant  represented   in  the  precaAig 
tig.  2,  is  principally  guided  by  the  '1'  handle,  aod  ^ttm 
€ /,  which   operates  on   the  axis  of  the  fore  w heck,  by 
means  of  an  endless  band  or  cord  passing  altout  the  pallet 
/,  fixed  on  the  lower  end  of  the  stem  ej\  and  the  pullrji^ 
fixed  on  the  bed  of  the  axle-tree  of  the  fore  wheels.   TW 
machine  is  stopped,  or  its  motion  rtrtarded,  by  the  draf^ 
which  is  attached  to  the  perch  by  a  Bprin|p,  to  keep  it  of 
the  ground,  till  the  motion  is  re(|uired  to  be  retarded  m 
the  car  slopped,  uhen    its  fluke*end  is  pressed  into  ihi 
earth  by  the  lever  A,  acting  on  the  connecting  piece  L 

When  great  power  is  required,  two  or  more  katci lie 
placed  in  succi-ssion,  one  behind  the  other,  and  so  attacM 
by  cords,  that  whatever  motion  or  direction  i»  gitea  (■ 
one,  will  be  communicated  to  the  others. 

The  patentees  purposed  to  attach  occasionally  to  tkii 
car  a  plntform  on  small  wheels,  with  the  view  of 
ing  a  pony,  to  be  employed  in  dragging  the 
(which  is  exceedingly  light)  in  cases  where  the  kiln  cat- 
not  be  applied. 

Although  the  arrangements  introduced  or  au^gcHFw 
may  contain  many  imperfections,  in  common  withscbiaa 
which  have  not  been  corrected  by  experieo^re,  Ma«^ 
Viney  and  Pocock  have  the  merit  of  making  an  iuiportait 
sitep  towards  rendering  this  powerful  agent  of  NaifJ* 
serviceable  to  man. 


The  reader  will  observe  that  we  have  hitherto  trmli^ 
only  of  locomotion  as  applied  to  our  common  earth  tt 
leaved  road*:,  an  art  which  may  he  regarded  ■«  still  ia  iti 
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pufancy.     Thts  is  not  the  case,  however,  with  locomotion 
l^n  raiUways,  M^hich  appears  lo  have  nearly  attained  matu- 

SilV)  and  to  be  rapidly  advancing  towards  perfection. 
The  latter,  however,  never  presented  a  tenth  part  of  the 
difficulties  of  the  former,  ov%'ing  to  the  rail-road  and  the 
^rriagc  being  purpo:iely  adapted  to  each  other.  Those 
fail-road  enf^ines,  of  which  the  public  have  had  such  re- 
yiarkable  accounts  of  their  performances,  do  not  posses  a 
power  adequate  to  propel  them  a  m'ile  in  an  hour  on  the 
^mmon  road ;  probably,  not  sufficient  to  move  them  at  all. 
\  Previously  to  our  giving  an  account  of  ihe  rail-way  loco* 
polive  engines  lately  introduced,  it  is  necc^ary  that  the 
ifeader  should  he  informed  of  the  nature  of  the  surfaces 
^1  which  they  are  made  to  operate,  as  therein  consists  one 
^  the  principal  «aus(!s  of  the  efl'ects  produced.  The  rail 
ind  the  carriao;e  may,  in  fact,  be  considered  aa  two  parts 
hfthe  same  machine,  as  the  one  is  inoperative  without  the 
Mher.     Under  this  view  of  the  matter,  we  annex  a  brief 

E'storical  and  mechanical  description  of  the  various  kinds 
'  rail-ways  introduced,  as  strictly  belonging  to  this  sec- 
Ion  of  the  Appendix. 

There  are  three  distinct  kinds  of  rail-ways,  namely, 
ig€,  (ram,  and  suspension.  The  oldest  and  most  exten- 
hrely  adopted  plan,  consists  in  laving  rails  of  wood  or 
poll  for  the  use  of  carriages,  with  guiding  flanges  on  the 
meels ;  these  are  now  termed  edge  rail-roads,  in  conse- 
pence  of  the  iron  rails  being  narrow  and  deep. 
I  Edge  rnil-ways  were  first  constructed  of  wood  in  the 
eig;bbourhood  of  Newcastle,  for  the  purpose  of  convey* 
1^  coals  to  the  side  of  the  river  Tyne ;  and,  occasipnally, 
liese  wooden  rails  were  covered  with  plates  of  wrought- 
•on,  in  the  parts  liable  to  much  wear.  In  adopting  cast- 
fon  for  rails  in  the  same  neighbourhood,  the  same  kind 
t  wheels  and  the  essential  structure  of  the  rails  were 

Ceserved,  the  sole  difference  being  in  the  circumstances 
jiich  the  use  of  a  new  material  rendered  necessary. 
"igs.  1,  2,  and 3.  annexed,  show  the  side-view,  the  pluny 
bd  the  cross  section  of  a  cast-iron  edge-rail,  of  the  form 
nich  *fl  adopted  in  the  beat  rail-ways  on  the  banks  of  the 
^95*  4  D 
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Tyne  and  Wear.  The  waggons  run  upon  the  rvi 
ed^  of  the  rail,  which  is  smooth,  and  laid  as  eirnlv  lad 
regularly  an  possible.  The  length  of  lhe»e  ruik  n  usuatlj 
three  feet,  with  a  depth  of  about  four  iachea  and  a  kalf 
in  the  middle,  and  breadth  of  the  top  two  tiicli«a;  ImM  it 
Bome  ruiUways  the  ruiU  are  four  feet  long.  TWcndtfT 
the  rails  meet  in  a  piece  of  cast-iron,  called  m  cActrfMt 
fig.  4),  and  the  chairs  are  fixed  to  binckft  of  atone  calM 
sleepers,  with  a  broad  base,  and  wri^^hintc  ^rom  one  aad  • 
half  to  two  hundred  wei^^ht.  These  are  finnl)  bedded  ia 
the  ground,  and  adjusted  to  u  proper  plane  lor  tli« 
before  the  chnirs  are  connected  to  them.  Tli» 
of  the  road  depends  much  on  fixing  the  aleeperi  in  • 
toiindy  firm  manner. 


In  fig.  1,  the  side-view  of  the  rail,  C,  it  thowni 
ported  ot  the  extremities  A  U,  by  cast-iron   chair*  E 
which    rest   on    blocks   of   stone    D    D,   called   alrepen 
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Fig.  S,  Ibe  pian,  ahoivs  ihe  scarf  joints,  where  the  ends  of 
the  rails  meet  in  the  iron  chairs  E  E.  Fij;.  3,  the  cross 
seclion  of  the  ruil,  taken  at  C  in  tig.  1,  ^hich  is  the  mid- 
dle of  it9  length.  Fig.  4,  ia  a  cross  section  at  B,  through 
the  joint«chair  and  supporting  block. 

It  hns  already  been  noticed,  that  malleable  iron  was 
occasionalty  used  for  protecting  wooden  rails,  but  it  ap- 
pears to  have  been  fir^t  employed  for  the  rails  themselves 
liy  Mr.  George  Grieves,  at  Sir  John  Hope*»  collieries 
n«ar  Edinburgh;  these  were  made  of  inch  and  quarter 
bara,  and  used  for  very  light  work  only.  INIalleable  iron 
rails  of  a  stronger  kind  were  used  by  Mr.  Neilsoa  of 
Glasgow,  for  a  rail-way  on  the  property  of  the  Earl  of 
Glasgow,  commencin"^  at  the  Hurlet  coal  and  lime 
vorks,  and  extending  to  ihe  Paisley  canal,  a  distance  of 
two  miles  and   a   half.      The   length  of  each   rail  being 

Eine   feet,  it   is  supported  at   every  three  feet,  and  is  two 
ichea  and  a  quarter  deep,  and  three  quarters  of  an  inch 
thiek;    the    waggons    carry    about    thirty*livc    hundred 
eight  each. 

Malleable  iron  rails,  formed  of  rectangular  bars,  must 
obviously  present  too  small  a  surface  for  the  wheels  to 
nn    upon,  or  otherwise   require   more   materials  than  it 
rould  be  consistent  with  economy  to  employ;  and  to  ob- 
late this  difliciilty,  a  patent  was  obtained   by  Mr.  John 
Birkinshaw,  of  Dedlington  Iron  Works,  Durham,  for  an 
proved  form  tor  Ihe  bats  to   be   u«cd  as  rails.     It  cen- 
ts in  giving  the  bar  the  form  (»f  a  triangular  prism,  or 
^tadi  variation  of  that  form  as  is  best  adapted  for  that  pur- 
fS^.  Fig,  5,  C  B,  (in  the  preceding  engraving)  represents 
Ihe  section  recommended  by  Mr.  Birkinshaw,  and  he  pro- 

Koses  that  the  rails  sliould  be  eighteen  feet  in  length. 
*ig.  6,  represents  another  form,  which  is  evidently  belter. 
His  suggestion,  respecting  welding  the  joinings,  would 
rather  be  injurious  than  useful,  owing  to  the  expansion  in 
length  by  increase  of  temperature. 

The  chief  advantage  of  wrought-iron  rails  is  that  of 
reducing  the  number  of  joints;  and  the  difficulty  of 
making  tlie  rails  perfectly  even  at  the  joints  has  conlri- 
Vvted  much  towards  their  introduction. 
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Edge-rails  are  most  adapted  for  permanent  works,  TiMf 
arc  of  such  a  nature,  that  ordinarv  cnrriai^rs  caaaol  b» 
employed  upon  them;  but  on  any  rail-wa»  «ib«re  ftvrh 
carriages  can  be  used,  they  must  do  more  injury  lo  lla 
Burfacps  of  the  rails,  than  uill  be  equivalent  to  tbe  advu- 
iBge  of  sutfering  them  to  ^o  there,  Conscc|U**ntlv,  a  rail- 
way with  edge-rails,  is  much  more  likely  to  be  kepi  ii 
good  order  than  any  other.  It  i^  of  ihr  iitmoait  import* 
ance  in  a  rail-way,  that  the  upper  surface  of  the  nib 
should  be  perfectly  even  and  smooth;  the  very  object «f 
putting  down  rails  was  to  obtain  such  aurfacea;  bttt  tbf} 
would  be  kept  in  order  only  a  %'ery  short  time,  if  cartsar 
waggons  from  a  common  road  were  allowed  to  turn  oaia 
them  with  wheels  covered  with  gritty  mud,  while  the 
temptation  to  use  a  rail-way  in  this  mannt* r  is  great;  ior 
the  load  which  required  a  horse  on  the  coannon  md^ 
might  be  drawn  by  a  man  on  the  raiUway  ;  thus  cniblia| 
them  to  go  nt  a  greater  !4peed^  and  yet  with  lcMUi|sryia 
the  horses.*  

IVam-waySy  or  tram-roads^  differ  from  the  prreediai 
kind,  in  having  the  guiding  flanges  upon  the  raiU,  i 
of  upon  the  wheels  of  the  carriages;  it  gives  tbe  adi 
tage  of  employing  carriages  that  can  be  used  wbere 
are  not  rails  laid  down.  They  are  called  /rom*road^ 
their  being  first  used  fur  drawing  trams  upon.  The  tn»> 
rail  is  exceedingly  convenient  for  temporary  uflea,«a4M 
its  ordinary  form  (as  represented  at  fig.  8^  iu  the  vukjoii*^ 
engraving,)  it  is  much  used  in  quarries,  in  minca,  in  for*' 
ing  new  roads,  in  digging  canals,  io  conveying  \up 
stones  for  buildings,  and  other  purposes.  Tram-raibac 
of  a  very  weak  form,  considering  the  quantity  of  i 
them,  and  in  some  works  it  has  licen  found  n 
fitiengthcn  them,  by  adding  a  rib  on  the  under  ai 
J^,  shows  half  a  Irum-ruil  of  this  kind  in  persprclrvetA 
being  the  guide;  B  the  bed  of  the*  rail,  in  which  ik 
wheels  run;  C  the  rib  on  the  undei'side  to  strrnglhetit 
The  rails  used  for  repairing  the  Surrey  tram-roads  wtW 
of  this  form,  tmd  it  certainly  render*  them  %*ery  tttroag^ 
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tS  CAAN*I  TRAM-WAVt. 


678 


As  tram-rails  are  applied  with  so  mucK  benefit  in  form- 
ing temporary  ways,  the  most  convenient  and  ready  mode 
of  pullin*;  thcMH  down  ia  uii  object  of  some  imporlance. 
The  common  method  is  to  fix  them  with  birg-e  nails  or 
spikes  upon  cross  sleepers  of  wood.  The  chief  inconve- 
nience of  this  plan  is  the  difficulty  of  driving  and  draw- 
ing the  nails,  when  they  have  to  be  changed. 

For  permanent  roads,  the  rails  are  usually  fixed  by 
spikes  driven  into  wooden  plug;s,  previously  inserted  in 
the  blocks  of  stone  for  supporting  the  rails,  as  shown  in 
fig.  8;  where  B  shows  the  truni-plute  (in  section),  with 
one  of  the  running  wheels  of  ihe  carriage  thereon;  C  the 
atone  sleeper,  in  which  is  inserted  the  wooden  plug  to 
receive  the  nail;  A  is  part  of  the  gravelled  horse-path 
or  road. 


/a 


n 


^ 


10 


An  attempt  to  improve  the  method  of  putting  down 
tram-plates,  by  Mr.  Le  Caan,  affords  great  I'iicility  in 
taking  up  or  putting  down  the  rails;  ihey  are  contrived 
so  as  to  fix  one  another,  without  the  aid  of  nailing.  Fig. 
10,  represents  a  Iott(;iludinu1  section  of  two  of  these  plates, 
placed  on  a  $tone  sleeper  f/,  atid  fig.  9  is  a  plan  of  the  two 
plates.  The  plates  arc  joined  by  a  dove-tailed  notch  and 
tenon,  and  an  oldfque  plug  is  cast  on  nach  [)iate,  which  is 
let  into  the  stone  sleeper.  Biil,  for  the  advantage  of 
■  taking  up  the  plates,  to  repair  any  defect,  there  are  platea 
at  every  thirty  yards,  with  perpendicular  plugs;  such 
are  called  stop  plates.     The  diameter  of  the  plug 
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near  ihe  shoulder  is  one  inch  and  three  qtiarter«,at  ibc 
point  one  inch,  its  length  is  two  inches  and  a  kalf,  aa^  ib 
obliquity,  shewn  in  figure  10,  about  cii^ht  dcgrtr«a*  A  tauU 
groove  in  the  whole  length  of  the  exterior  of  such  plag, 
is  made  to  allow  the  water  in  the  hole  to  expand  in  rrcet* 
ing,  and  it  aUo  gerves  to  admit  a  wire  to  draw  a  brokea 
plug  out  by.  The  holes  fur  the  plug*}  »hould  be  cat  ta 
the  depth  of  three  inches,  by  a  standard  guage  of  on- 
iron,  and  counter-sunk,  so  as  to  allow  the  end  of  the  plaU 
to  bed  firmly  on  the  block  which  supports  it. 

Fig  II,  is  one  of  the  ends  of  a  tram  plate,  in  whidi  Q 
shews  the  flange  or  upright  edge ;  i  the  flat  part  or  aolc,  ii 
which  the  wheels  of  the  waggon  run  ;  D  one  of  the  pl1lf^ 
and  R  a  projection  behind,  to  render  the  plates  firmer  npaa 
the  blocks.  The  usual  length  of  one  plate  is  three  fc«t;  tW 
flanch  H,  is  one  and  a  half  inch  high;  the  sole,  or  bed,  thret 
anda  halfor  four  inches  broad,  and  three-fourths  of  an  iack 
thick,  but  these  dimensions  are  varied  according*  Co  cirew* 
stances;  the  most  approved  weight  bus  been  fort5«two 
pounds  for  each  plate.  The  ends  from  which  the  plac« 
project,  under  which  the  tenons  and  notches  are  mmde^ 
should  be  a  quarter  of  an  inch  thicker  than  the  otb^r  parti 
of  the  plate. 

The  weight  of  the  blocks  or  sleepem  should  not  be  W 
than  about  one  hundred  and  twenty  poaods  each;  iirf 
some  kinds  of  ground  will  require  heavier. 

In  this  method  the  wheels  of  the  waggona  c^aoal  1^ 
obstructed  by  the  heads  of  the  naiU  rinin^  above  the  fa»*i 
face,  and  the  blocks  are  not  disturbed  by  fixing  ihe  pbitt; 
and  when  repairs  are  necessary,  the  plates  must  be  foiwd 
for  the  purpose,* 

When  (ram-plates  are  fixed  by  spikes  to  stone  ■'—"— 
there  is  some  ditRrulty  in  keeping  the  joint  evi 
its  place,  but  it  seems  to  be  successfully  obviated  by  wfm$ 
a  saddle  piece  to  receive  the  ends  of  the  naiU  al  ihcjotMk 
an  improvement  which  was  introduced  by  Mr.  Wijjaatf 
the  Troon  tram-road. 


*  TrannAction^  or  the  Hfdety  of  Arts,  &r.  vol.  So,  p>.  87,  IfPf- 
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Tratn-roads  are  much  esteemed  in  Wales;  and,  in  con* 
sequence  of  using  iheni,  it  is  found  desirable  to  divide 
the  pressure  upon  the  rails  as  much  as  possible  ;  hence^ 
small  carriag^es  are  used,  and  these  lead  to  small  wheels, 
BO  that  the  effect  of  a  given  power  is  not  above  half  what 
il  ought  lo  be;  and  yet  the  enormous  increase  of  rail- 
roads in  Wales  renders  it  evident  that  some  benefit  is  re- 
ceived from  adopting  this  system  of  conveyance.  In  1791, 
there  was  scarcely  a  single  rail-way  iu  South  Wales ;  and 
IP  181),  the  complete  rail-roads,  connected  with  canals, 
collieries,  Sic.  in  Monmouthshire,  Glamorganshire,  and 
Caerroarthenshire,  amounted  to  nearly  150  miles  in 
length,  exclusive  of  underground  ones,  of  which  one  com- 
pany in  Merthyr  Tydvil  possessed  about  thirty^  miles. 
During  the  last  nineteen  years  there  has  been  a  consider- 
able augmentation  of  rails  in  almost  every  district,  and  il 
is  probable  the  total  length  does  not  now  tall  short  of  two 
hundred  and  fifty  miles! 

The  third  kind  of  rail-ways  mentioned,  are  those  on  the 
principle  of  suspension,  of  which  that  invented  by  Mr.  H. 
R.  Palmer  is,  we  believe,  the  earliest  And  the  best. 

Instead  of  two  lines  of  rail  laid  upon  the  ground^  Mr. 
Palmer's  railway  consists  of  only  oneline^  which  is  elevated 
upon  pillars,  about  nine  feet  apart,  and  carried  in  a 
straight  line  across  the  country,  however  undulating  or 
rugged,  over  hills,  valleys,  brooks,  and  rivers;  the  pillars 
being  longer  or  shorter,  to  suit  the  height  of  the  rail  above 
the  surface  of  the  ground,  so  as  to  preserve  the  line  of  the 
rail,  which  is  always  straight,  whether  the  plane  be  hori- 
zontal or  inclined.  The  carriage  has  only  two  wheels, 
placed  one  before  the  other,  (to  travel  in  the  single  rail), 
connected  by  a  suitable  frame-work;  the  axles  of  the 
wheels  are  lengthened,  so  as  to  form  extending  arms  of 
support,  to  which  are  suspended  the  receptacles  for  tho 
goods  or  passengers,  one  on  each  side  o^  the  rail,  with 
their  centre  of  g^ravity  below  the  surface  of  the  rail.  The 
ToAs  by  which  the  receptacles  or  waggons  are  suspended 
•re  inflexible;  hence,  although  the  weights  on  each  side 
be  uot  equal,  they  will  nevertheless  be  in  cquilibrio,  as 
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may  be  observed  in  a  ship,  \ihirh,  when  unequally  loidr^ 
assumes  such  an  ans^le  with  (he  surface  of  the  water  a* 
preserves  the  equilibrium.  We  have  observed  that  thii 
arran«ren)eiit  will  admit  of  a  considerable  inequality  of 
the  loads  in  the  opposite  >ehicles,  without  producing  anj 
inconvenience,  which  is  partly  owing  to  the  change  of  ful- 
crum, or  bearing  upon  the  r&il.  The  breadth  of'  the  rail 
is  about  four  inches,  and  slightly  convoxed,  po  that  an 
additional  weight  put  into  one  of  the  receplacles,  ciUMt 
the  wheels  to  incline  a  little  to  that  side,  and  to  brin^lbfl 
fulcrum  nearer  to  the  augmented  weight,  reducioj^  ike 
leverage  on  that  side,  and  in  the  same  proportiun  in* 
creasing  it  on  the  other;  so  that  an  equal  disiribulioD 
of  the  load  is  not  necessary,  although  it  U  preferablr,  ani) 
can  in  most  cases  be  easily  effected.  The  rail  is  inadc 
capable  of  adjustment,  so  that  it  may  be  kept  straight  ind 
even. 

A  number  of  carriages  are  linked  together  ;  and  eitker 
drawn  by  a  locomotive  machine  upon  the  rail,  or  to««<i 
along  by  a  horse,  as  barges  in  a  cannl.  By  the  lattrr 
mode^  the  horse,  owing  to  the  undulations  of  thepurfwe 
in  which  he  travels,  will  sometimes  be  much  below  ibe 
rail ;  to  preserve,  therefore,  a  proper  angle  of  draugbl,> 
sulTicient  length  of  rope  is  provided. 

Fig.  I,  is  an  end-view  of  the  carriage,  with  a  cross  9ecli«« 
of  the  rail,  and  a  pillar  shewing  its  form  anti  maniier  of 
fixing.  Fig  2,  is  a  side-view  of  the  rail-way,  passing  ofer 
an  uneven  surface,  with  three  of  the  supporting  pitlarsof 
unequal  length.  Upon  the  upper  surface  of  the  rail,  art 
seen  the  two  carriage  wheels,  and  the  manner  of  suspend* 
ing  the  waggons  or  receptacles  from  the  axleirees,  which 
is  however  better  shewn  by  the  rod"*  I  III,  in  fig.  I.  Fiif- 
3  is  a  plan  exhibiting  the  manner  the  receptacles  are  brarrti 
together.  In  the  several  figures,  similar  letters  iudicai**' 
Corresponding  parts.  { 

A,  fig.  1,  is  an  upright  pillar  of  cast-iron,  having  at  tb^ 
shoulder  a   flange,  which   rems   upon   the  surface  of  i 
ground.     The  pillar  is  forjDied  with  ribs  at  right  angl 
which   converge   towards  the   lower  extremity^   and 


kOtched  ill  the  edges  for  the    better  securing;  it   firmly  in 

ground.    The  hole  \n  which  it  is  inserted  ia  to  be  pre- 

ly  well  rararoed,  by  a  kind  of  pile-driving  engine,  and 

le   foot  of  the  pillar  surrounded   with    hard   materials, 

ich  are  also  to   be  rendered  as  compact  as   possible. 

ree  of  these  pillanj  are  shewn  fixed  in  fig.  2,  placed 

'Out   nine  feet  apart.     At  the  upper  extroinities  of  the 

Hars  are  long  clefts,  or  openings,  to  receive  the  rail  B, 

25.  4  E 
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which  is  composed  of  deal  planks,  set  on  their  edfCBy  «i 
their  upper  surface  C,  defeaded   by  cast  or  wrottght-irQfi 
plates,  a  little  convex  on  the  upper  side. 

When  the  rail  has  been  dome  time  in  u»c,  and  all  kis 
taken  a  bearing;,  a  little  adjustment  of  the  line  tna;  bf  re- 
quisite, before  the  rail  is  bolted  to  the  pillars;  lo  rfrcl 
which,  a  %'ery  simple  and  easy  method  i«  provided,  la  iW 
cleft  of  the  pillars,  and  under  the  rail,  two  wedges  a«,are 
introduced,  in  opposite  directions,  whereby  its  level  ■>} 
be  adjusted  with  the  nicest  accuracy. 

The  wheels  D  D,  are  provided  with  flanges,  to  keef 
them  on  the  rail,  and  their  peripheries  are  slightly  conciTC, 
to  adapt  their  surfaces  to  that  of  the  rails.  E  E,  are  tW 
arms  or  axles;  H  II,  are  the  receptacles  for  the  good^ 
which  arc  made  of  plate  iron,  and  are  suspended  lo  t^ 
arms,  (as  before  mentioned)  by  the  inflexible  rods,  lUl. 
To  one  of  the  arms  a  chain,  K,  is  hooked,  to  which  at«v* 
ing  rope  may  be  connected.  Any  number  of  carriages  atf 
then  be  attached  together  by  chains  hooked  on  lo  iht 
angles. 

Fig.  4.  is  intended  to  exhibit  a  portion  of  the  rail-wajh^ 
use,  and  the  methods  by  which  several  of  the  obstacki 
which  frequently  present  themselves  are  overcome.  Oft 
the  left  is  seen  a  jointed  rail,  or  gate,  that  cro)»e»  iberM^ 
over  which  the  carriages  have  just  passed,  and  the  gvit 
swung  back  to  leave  the  road  open  ;  the  horw?  and  ■!• 
having  just  forded,  the  train  of  carriages  is  proceediif 
in  its  course,  and  following  another  train,  part  of  vkkl 
is  seen  on  the  right,  crossing  a  rati  bridge^  Hiniply  «M- 
structed  fur  that  purpose.  Provision  is  made  for  (xaM 
of  carriages  that  are  proceeding  in  opposite  direetioan,  li* 
means  of  ^*  sidings*'  or  pa««ing-places. 

With  respect  lo  loading — if  both  receptacl*-^  W  m 
loaded  at  the  same  time,  that  which  is  loadthd  fir^t.  ma>tb 
supported  until  the  second  is  full.  Where  there  i9ap•^ 
mancnt  loading-place,  the  carriage  is  brought  over  a  ftff^ 
or  block  ;  but  when  it  is  loaded  promiscuously,  it  tf  pc^ 
vided  with  a  support  connected  to  it,  which  in  luroed  tf 
when  not  in  use.     From  the  small  height  of  the  carTia|^ 
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l&e  loading  of  (hose  articles  usually  done  by  hand,  be- 
comes less  laborious.  The  unloading  may  be  done  in  va- 
rious ways,  according  to  the  substance  to  be  discharged, 
(he  receptacles  being  made  to  open  either  at  the  bottom, 
the  ends,  or  the  sides.  In  some  caseH  it  may  be  desirable 
(osuspend  them  by  their  ends,  when,  turning  on  their  own 
centres,  they  are  easily  discharged  sideways. 

Among  the  principal  advantages  contemplated  by  the 
adoption  of  Palmer's  rail-way,  may  be  mentioned  that  of 
enabling  the  engineer,  in  most  cases,  to  construct  a  rail-vray 
on  that  plane  which  is  most  effectual,  and  where  the  shape 
uf  the  country  would  occasion  tno  great  an  expenditure 
on  former  plans;  that  of  being  maintained  in  a  perfectly 
straight  line,  and  in  the  facility  with  which  it  may  always 
be  adjusted;  in  being  unencumbered  with  extraneous  sub- 
rfttanccs  lying  upon  it;  in  receiving  no  interruption  from 
snow,  as  the  little  that  may  lodge  on  the  rail  is  cleared  off 
hy  merely  fixing  a  brush  before  the  fii*st  carriage  in  the 
train;  in  the  facility  with  which  the  loads  may  be  trans- 
ferred from  the  rail-way  on  to  the  carriages,  by  merely 
unhooking  the  receptacles,  without  displacing  the  goods, 
or  from  other  carriages  to  the  rail-way,  by  the  reverse 
operation  ;  in  the  preservation  of  the  articles  conveyed 
from  being  fractured,  owing  to  the  more  uniform  gliding 
Kiotion  of  the  carriages;  in  occupying  less  land  than  any 
other  rail-way;  in  requiring  no  levelling  or  road-making; 
in  adapting  itself  to  all  situations,  as  it  may  be  constructed 
Hn  the  side  of  any  public  road,  on  the  waste  and  irre- 
ular  margins,  on  the  beach  or  shingles  of  the  sea-shore, — • 
indeed,  where  no  other  road  can  be  made ;  in  the  original 
tost  being  much  less,  and  the  impedimenta  and  great  ex- 
K'nse  occasioned  by  repairs  in  the  ordinary  mode,  heing 
>y  ihis  method  almost  avoided.* 

As  Mr.  Tredgold's  opinion  has  justly  great  weight  in 
nhjects  of  this  nature,  we  annex  it,  on  Mr.  Pal!ner*8  rail- 
way, in  this  place. 


•    See  Palmer's  "  Dencription  of  ft  Hail-way  on  a  ucw  Printiitle." 
I«ondoii. 
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^'  We  expect  that  this  single  rail-road  will  be  found  by 
far  superior  to  any  other  for  the  conveyance  of  the  mail« 
and  those  light  carriages,  of  which  speed  is  the  priticipat 
object;  because  we  are  satisfied,  that  a  road  for  Huch 
carriageH  must  be  raised  so  as  to  be  free  from  the  inter* 
ruptionsand  crossings  of  an  ordinary  rail-way.  A  carria^ 
moving  at  a  greater  velocity  than  six  miles  per  hour,  on 
a  rail* way,  raust  be  raised  so  as  to  remove  the  possibility 
of  overrunning  people,  or  of  dashing  against  other 
vehicles.  Carriages  running  smoothly  and  rapidly,  with 
a  small  moving  power,  cannot  be  suddenly  checked;  and 
they  admit  of  no  change  of  direction.  But,  were  a  rail-way 
elevated  ten  feet  above  the  comnoon  roads,  these  accidents 
could  not  take  place,  except  through  neglect;  the  pas- 
sengers would  not  be  raised  to  a  much  greater  height  than 
the  top  of  a  conimoii  coach,  and  in  a  suspended  carriage 
which  could  not  possibly  overturn/'* 

In  I82S,  Mr.  T.  Chapman,  of  Royal  Row,  Lambeti, 
suggested  an  improved  carriage  from  Mr,  Palmer's  rail* 
way,  for  which  he  received  a  reward  from  the  Sociely  o( 
Arts.  Uy  Mr,  Palmer's  method  of  making  turns  in  the 
road,  a  portion  of  the  rail  is  made  to  turn  with  the  car- 
riage on  it,  which  has  certainly  some  disadvantages;  to 
obviate  which,  Mr.  Chapman  has  contrived  a  carriaf^ 
that  will  itself  turn  on  a  fixed  rail,  whether  curved  or 
straight,  or  from  one  angle  to  another. 

Fig.  I,  exhibits  an  end-view  of  the  carriage  on  a  sectio* 
of  the  rail,  and  6g.  2  is  a  side-view  of  the  same,  partly  ia 
section,  a  a,  is  the  rail;  b  by  two  wheels  on  the  rtil; 
these  carry  the  turning  plates  c  c,  each  having  four  fric- 
tion rollers;  e  e,  upper  ptates  ;  ff^  the  vertical  axis  of  the 
wheel  frames,  or  turn  plates,  c  c;  they  pass  through  tfce 
plates  dj  and  e,  from  which  the  boxes  g  g  are  suspended, t>y 
the  lateral  arms  h  A,  and  i  L  Now,'as  the  wheels  tsi 
frames  6,  c,  can  turn  freely  on  their  axis//^  they  eacbr** 
(|uire  four  grinding  rollers, jJJ^*,  to  keep  them  in  a  rijl** 
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(Chapman's  Modification  of  Palmer^s  Hail-way  Carriage. 

1828.) 

liae  with  the  rail,  and  to  cause  them  to  turn  as  the  rail 
turns.  These  carriages  ??houlfl  not  be  farther  asunder 
than  is  absolutely  necessary  for  the  required  curve  of  the 
t^ail.  The  bottom  of  the  carriage  has  a  joint  at  one  third 
^f  its  length,  and  is  held  up  at  tliis  by  the  hooks  k  k;  by 
removing  these,  the  contents  maybe  let  out;  the  fixed 
portion  of  the  bottom  is  made  sloping,  so  that  it  may  be 
readily  emptied. 

Two  or  three  years  after  Mr.  Palmer  had  brought  out 
his  plan  of  rail-way,  a  suspension  rail-way  was  patented  by 
Mr.  J.  J.  Fisher,  for  a  similar  though  less  perfect  arrange- 
ment, and,  as  we  should  suppose,  somewhat  trespassing 
upon  Mr.  Palmer^s  patent  right.  Mr.  Fisher,  it  is  true, 
suspends  his  carriages  to  two  lines  of  rail,  but  he  was,  in 
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thiR  respect,  anticipated  by  Mr.  Palmer,  who  «■)«  ^to 
elevate  two  lines  of  rail  for  the  purpose  of  supporting  i 
carriage,  could  not  he  done  at  a  sufficiently  mod^^nlc 
expense;  I  therefore  endeavoured  to  arrange  the  foai 
of  a  carriage  in  such  a  manner  (hat  it  would  travel  upM 
a  single  line  of  rail,  without  the  possibility  of  overtitni* 
ing."  Mr.  Fisher*s  plan  may,  however,  pomtm  worn 
originality,  and,  with  some  modifications,  may  be  ra^ 
dercd  useful.  The  chief  object  is  stated  to  be  tbe  tbrov* 
ing  of  a  rail-road  across  rivers,  swampit,  Sce^i  aad  tW 
means  proposed  of  effecting  it  will  be  readily  p«rc«in^ 
upon  inspecting  the  annexed  diagrams,  and  referring  ll 
the  subjoiifed  explanation  of  them. 


FwAcr'f  Patent  Rail-way  and  Carriages.   J824. 

Fig.  I,  18  a  8ide*view  of  the  proposed  rail,  attached, I9 
vertical  rods,  to  a  chain  of  hani,  which  lorm  a  catefuntf 
curve;  fig.  2,  is  a  similar  view,  but  giving  only  m  porlHS 
of  fig.  1,  on  a  larger  scale;  fig,  3,  is  an  end  or  tertMml 
view  of  fig.  2;  fig.  4,  is  also  a  sectional  view,  but  of  aa^ 
ther  form  of  rail,  which  we  shall  describe  lastly,  TW 
letters  of  reference  denote  similar  parts  in  eacb  of  iW 
figures. 

a  is  tbe  rail,  made  of  stout  cast-iron  plates  of 
dimeniiions,  bolted  together;  having  a  horizontal 
liun  or  plate,  6  &,  on  each  side,  for  the  wheels  of  tb*a^ 
riages,  d  i/,  to  run  upon,  (seen  best  in  fig.  3.)  ;  / /  %hew% 
the  frame  of  the  carriage;  the  manner  of  conocctiag  tW 
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iibeela  on  either  side  of  the  rail  in  pairs,  is  exhibited  in 
Sg»Sy  and  the  mode  of  joining  the  front  ivilh  the  hind 
pair  of  wheels,  in  fig.  2.  Iron  rings,  g  gy  pass  through 
the  centres  of  the  lower  parts  of  the  carriage-frame,  to 
nhirh  are  suspended  the  boxes  or  receptacles  for  holding 
(he  goods  or  passengers,  one  of  which  is  shewn  attached 
a(  A,  fig.  I.  The  loops  or  holes  in  the  upper  part  of  the 
rail  a,  fig.  2,  are,  of  course,  for  the  convenience  of  bolt- 
iug  it  to  the  suspension  bars,  as  seen  connected  in  fig.  1. 
Cach  of  the  bars  is  to  be  provided  with  a  wedge  or  screw 
idjustment,  so  as  to  regulate  the  uniformity  of  the  plane, 
when  any  part  sinks. 

To  give  an  idea  of  the  other  form  of  rail,  the  section 
ig.  4,  is  sufficient.  Here  it  will  be  seen,  that  the  rail,  (if 
re  may  so  term  it)  is  of  (be  form  of  a  square  tube  or  hoU 
ow  trunk  i  f,  with  an  opening  or  slit  on  the  lower  snde 
br  the  bar, 7,  (which  is  fixed  to  the  axletree  of  the  car- 
age)  to  pass  through,  for  the  purpose  of  being  connected 
I  a  box  or  receptacle  underneath.  This  square  cast-iron 
unk  or  rail,  is  to  be  suspended,  as  in  the  previous^ly  de- 
rihed  rail,  to  a  chain  of  iron  bars  or  wires,  drawn  nearly 
ight,  80  as  to  form  a  catenarian  curve,  when  stretched 
wer  the  place  to  be  crossed. 

The  mode  of  propelling  the  carriages  is,  we  believe, 
tot  stated  in  the  speci6cation,  but  we  understand  it  is  to 
performed,  when  the  rail-way  is  on  a  horizontal  plane, 
ty  elevating  that  end  in  which  the  carriages  are  placed, 
ad  letting  them  find  Iheir  way  to  the  other  end  by  their 
ivn  gravity.  By  sucli  a  proposition,  it  is  evident  that  the 
■tentee  does  not  intend  it  for  any  extensive  work,  as  the 
leans  proposed  of  producing  motion,  arc  applicable  only 
»  narrow  rivers  and  ravines. 
Having  now  noticed  the  three  principal  kinds  of  rail- 
ays,  it  is  very  important  to  know  the  effect  produced  by 
given  power  applied  to  each ;  and  this  knowledge  has, 
re  believe,  been  very  faithfully  furnished  to  the  public 
*  Mr.  Palmer,  who  made  a  series  of  very  careful  expe- 
ments  on  several  of  the  principal  railways  of  the  king* 
in,  ivhich   he  published   in  his  work  before  alluded  to. 
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The  results  of  these  experinienU  nc  annex,  prrceM  U 
some  introductory  observatioru  of  the  writer  m  1W 
subject. 

'^  Perhaps,"  says  Mr.  Palmer,  "  ifsom^*  accurate  ma» 
of  ascertaining  the  resistance  of  roaii^  and  railwajfvftv, 
on  all  occasions,  used,  their  improvement  Hould  be 
advanced.  The  real  value  of  either  being  thett 
vocally  compared,  the  amount  of  defect  could  bo  loiq^ 
be  a  matter  of  mere  opinion.  The  proprivton  wmU 
then  know  whether  an  apparent  inferiority  arote  frw 
the  dilferencc  of  horses,  or  diflVrencc  of  circunsUacfi. 
and  it  uould  be  of  great  advantage  to  introdoct  i 
clause  in  contracts,  which  would  detertuine  iKe  rftd 
to  be  produced.  The  methods  by  which  rcsistAMr  if 
roads  and  rail-ways  haa  been  ascertained,  have  Ml 
been  sufficiently  accurate,  or  have  btn^n  too  itmtmn 
nient  for  general  use.  The  dynamometer*^  wkick  ^ 
note  the  resistance  by  the  degree  of  extetiaion  fi*fa 
to  springs  attached  to  the  carriage,  aro  coB«<«iM( 
as  portable  instruments,  but  do  nut  denote  the  w*- 
sure  with  the  necessary  precision.  The  rc»i»l«iKfli  «t 
not  equable  from  the  irrcgularitiefl  of  the  surfftce;  M^ 
ther  does  the  force  which  drnws  the  carriage  c< 
equable.  When  horses  are  employed,  those  ii 
are  of  no  service  whatever.  The  rifecl  of  lb« 
force  or  resistance  occasions  a  vibratory  motion  lo  tW 
indicating  point,  and  we  can  never  have  ronHdence  iaa; 
result  they  exhibit.  Similar  defects  are  observable  ia  iD 
the  instruments  I  have  seen. 

''Having  had  frequent  occa*iion  to  ascertain  tkntrK 
sistances,  I  constructed  an  instrument  whteh,  bv 
the  iu>perfection  referred  to,  has  been  completely  s 
ful.  The  problem  was  to  make  such  an  inAlrunml  » 
would  indicate  very  small  differences,  but  which  moM 
not  yield  snddvuUj  to  a  rhange  of  resistance.  1  thcrrftt 
connected  to  a  spring  dynamometer,  a  semicircular  c)«* 
copper  vessel  containing  water;  at  the  centre  t«  a  npindk. 
on  which  an  arm  or  fan  is  fixed,  uiid  which  very 
corresponds  with   the  inside  of  the  vessel.     The 
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ire  sn  connected  with  the  spindle,  that  they  cannot  be 
icted  upon  without  the  arm  or  fan  turning  upon  Its  centre, 
ind  passing  through  water.  In  order  (o  pass  through  the 
vater,  the  latter  must  escape  by  its  sides;  and  the  space 
>eing  extremely  small,  it  cannot  pass  rapidit/y  but  will 
field  to  the  stnaUest  force^ 

^  **  By  way  of  exhibiting  the  difference  of  resistance  upon 
liferent  rail-ways,  I  have  attached  a  table  containing  ex- 
leriraents  on  several. 

**  The  first  column  contains  the  articles  conveyed;  the 
econd,  the  resistance  in  proportion  to  the  weight ;  the 
bird,  the  whole  effect  produced,  r.e.  including  the  weight 
>f  the  carriage  by  one  horHe^  or  one  hundred  and  Hfty 
K>unds,  at  two  miles  and  a  half  per  hour;  the  fourth,  the 
iseful  effect,  or  the  load  conveyed,  in  pounds;  tlie  (ifch, 
be  same,  in  ordinary  measures;  the  sixth,  the  inclination, 
txpressed  by  decimal  fractions,  on  which  a  mil-way^  whose 
esistance  is  eq  ual  to  that  specified,  should  be  constructed, 
bat  the  resistance  of  the  loaded  carriages  downwards, 
Bay  be  equal  to  that  of  tlie  empty  carriages  upwards; 
be  seventh,  the  effect  produced  under  such  circumstances; 
be  eighth,  the  useful  effect  under  the  same,  the  weight 
if  the  carriages  being  deducted.  In  each  exptrimenl, 
be  power  of  the  horse  is  assumed  at  one  hundred  and 
iHy  pounds,  moving  at  the  rate  of  two  miles  and  a  half 
er  hour.* 


*  In  the  inclinations,  the  weight  of  the  horse  itself,  as  part  of  the 
ffect  produced,  is  not  taken  into  account,  ttmt  the  table  may  erjnally 
wre  where  mechanical  force  is  applied.  Some  allowance  must 
terttfore  be  made,  where  hontes  are  used,  but  the  difference  in  the  in- 
Soatioos  given  will  be  very  trifling. 
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It  has,  we  Uelicve,  been  a  jjenerally  received  opinion, 
that  carriages  on  a  rail-way  cannot  be  propelled  by  loco- 
motive power  up  an  inclined  piano  that  rises  more  than 
twenty  feet  in  a  mile,  without  the  assistance  of  indented  or 
toothed-rails  to  increase  the  resistance,  and  thus  prevent 
the  carriages  from  slipping  buck.  By  Mr.  W.  H.  James*8 
Envention,  this  difficulty  is  overcome,  so  that  a  train  of 
carriages  may  be  made,  by  a  locomotive  engine,  to  ascend 
Mid  descend  inclined  planes  of  any  elevation  necessary  in 
the  construction  ol'  rail-rouds,  and  over  very  smooth  and 
llniost  polished  surfaces.  We  understand  that  the  most 
Vatififactory  proofs  have  been  afforded  of  the  ability  to 
ifTect  this,  by  repeated  trials  on  a  rail-road  more  than  a 
hundred  feet  in  length,  laid  down  for  the  purpose  of  ex- 
periment; on  which  it  was  found  that  a  train  of  carriages 
irould  (with  the  patentee's  machinery)  ascend  inclined 
planes  of  three  inches  in  the  yard,  which  is  equal  to  four 
hundred  and  forty  feet  in  the  mile.  This  important  ad* 
rantage  is  gained  by  applying  the  power  to  the  axletrees 
pf  the  wheels  of  the  several  carriages  in  the  train,  by 
Vieaos  of  the  rotation  of  a  long  horizontal  rod  (or  series 
^f  connected  rods)  actuated  by  bevel  gear  under  each 
carriage. 

An  ingenious  plan  has  also  been  proposed  by  Mr.  James 
for  enabling  the  carriages  on  a  rail-way  to  pasts  around 
turns  or  curves  in  the  road,  without  additional  friction. 
For  this  purpose,  the  horizontal  rotatory  shafts,  which 
:ause  each  pair  of  wheels  in  the  train  to  revolve  and 
propel  the  carriages  forward,  are  connected  together  by  a 
novel  kind  of  universal  joint,  which  communicates  the 
rotatory  motion  to  each  successive  carriage,  even  if  so 
placed  on  the  curves  of  the  roads,  that  the  sides  of  one 
carriage  shall  present  to  the  side  of  the  next  an  angle  of 
thirty  degrees.  To  cause  the  carriage  wheels  to  run 
round  the  curves  of  the  rail-way,  without  the  usual  de- 
structive rubbing  of  their  surfaces,  the  rails  in  those  parts 
are  made  with  several  ribs  or  elevations,  and  the  wheels 
of  the  carriages  are  consequently  formed  to  correspond 
with  those  ribs,  by  their  peripheries  being  grooved  in  like 
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manner  ;  so  that  a  wheel,  in  effect,  posseascs  M  mwi^  db* 
meters  as  theru  are  VHriatioiiH  in  tbc  surfac*  of  it>  ftn- 
phery,  by  which  means  it  may  be  made  to  limvcl  Cinlrror 
siower,  as  may  be  desired. 

The  annexed  engravings  will  render  Mr.  James's  flm 
intelligible  to  the  reader. 

a  is  the  boiler  of  a  steam  engine;  6  the  engioe  wiA 
two  cylinders,  the  alternating  motion  of  tlM  pittm  ii 
which  gives  rotation  to  the  crank,  r,  above;  the  ro^ct, 
attached  to  the  name,  being  also  fixed  to  the  crmnk  of  lli 
horizontal  shaft,///,  (which  passes  under  the  carrafA^ 
causes  that  to  revolve  with  a  similar  speed  to  tbe  Cfttft 
of  the  engine.  Two  square  boxes,  ^^,  are  fixed  niv 
each  carriage ;  through  these  the  axletreea  of  —Hi  prir 
of  wheels  pass;  the  rotatory  shaft,  /  pavoa  also  UirMfl 
the  boxes,  above  the  axletrees,  and  at  right  anglci  vit^ 
them  ;  each  of  the  boxes,  g  gy  contain  a  double-berdM 
horizontal  wheel,  which  presents  a  circle  of  cogs  ia  iti 
upper  as  well  as  its  lower  side,  and  turns  upon  crovlHar* 
ings;  now  the  shaft/,  carrying  upon  it  a  verticml  berciM 
pinion  in  each  box,  takes  into  the  upper  circle  of  teeth  of 
the  horizontal  wheel,  while  the  under  circle  of  teetk  B< 
the  same,  actuate  a  bevelled  pinion  on  the  axletree  ■»- 
dcrneath,  consequently,  compels  the  wheels  to  revolu; 
and  the  power  being  thus  applied  to  every  p«irof  vbetii 
simultaueously,  sufficient  resistance  is  obtained,  oa  a 
smooth  surface,  to  ascend  inclined  planes  of  considcnUt 
elevation.  t<  u  u  u  ti,  are  the  universal  joints,  whici  co^ 
luunicate  rotatory  motion  when  the  carriages  art*  not  iaa 
straight  line:  these  and  other  moving  parts  are  dittiactlv 
shown  in  fig.  'iy  which  is  upon  a  larger  ticale. 

//is  the  rotatory  shaft;  g^  the  two  boxes,  with  ihti  fraal 
plates  removed  to  show  the  goat  inside;  k  h  ibo  bevelk4 
pinions  upon  the  shaft  in  each  box;  i  i  the  lu>riBaafel 
double-bevelled  wheels.  The  front  box,  g^  itoder  iht 
carriage,  is  fixed  iinmoveal>ly  to  a  solid  block  of  wocmI,!: 
the  other  box  is  ijxed  to  a  plate  /,  turning  on  a  cflUral 
point,  which  passes  through  another  plate,  ■•,  above,  tit 
latter  being  secured  to  the  lloor  of  the  carriage  by  Inafe* 
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joints,  ft  n.     The  constritctiun  of  the  univeml  joinuti, 
is  also  more  clearly  shewn  in  this  figure. 

We  have  now  to  describe  the  contrivances  by  whkk 
the  patentee  obviates  the  destructive  efhcUof  Iberd^ 
bing  or  sliding  of  (he  inner  wheels  of  carriage*  in  BttUif 
curves  or  turns  in  a  round. 

Our  readers  need  not  be  informed,  that  if  the  wketliM 
one  side  of  a  carriage  be  larger,  or  of  greater  dUMetcc* 
than  those  on  the  oppo^^ite  side,  such  carriage,  whtm  pr^ 
pelled,  will  necessarily  make  a  curve.  On  this  priocifik 
the  patentee's  contrivances  are  founded.  In  niniai| 
along  a  straight  line,  the  peripheries  of  the  wheel*  aft  if 
equal  elevation;  but  when  the  carriage  baa  to  natea 
turn,  the  wheels  on  one  side  roll  on  a  greater  dianwIWi 
or  more  extended  periphery;  while  the  wbeela  oa  lli 
opposite  side  run  on  a  less  extended  periphery^  aad  tfe 
elevations  upon  (he  rails  on  which  they  run  aratoa^ 
justed  to  thei^e  variations,  that  the  different  peripbertBcf 
(he  wheels  change,  and  come  in  contact  with  Ihe  variilfe 
parts  of  the  rail,  and  run  round  the  curves,  witboattfi 
perceptible  increase  of  friction,  or  jarring,  or  joltiag.  TW 
annexed  diagrams  are  in  illustration  of  this  parloflbi 
patentee's  improvements. 

In  this  figure,  the  carriage  whtA 
nro  supposed  (o  l»e  rnnaiag  »t 
straight  line,  conscqaenlly  tbfp^ 
ripheries  are  equal,  aod  iht  bM- 
ings  of  the  rail  equal. 

In  this  fi£^ure,  ihe  wbeoUarvMf- 

posed  to  be  making  a  corvrcfOil 

to  an  increase  of  half  an  inch  m  t 

yard  on  the  outer  line  or  track 

PUsjII  k^        In   this,  the  wheels   mud  alkr 

|H||  l^pll     part>4  are  adapted  to  make  a  tva, 

Iflfl  1^^    where  the  curve  makes  a  difervaat 

*""" in  the  two  lines  of  two-thirdao(tf 

inch  in  the  yard. 

In  this,  a  curve  wbereio  Um^ 
ference  is  one  inch. 
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Mr.  James  considers  (hal  the  following;  advantages  will 
result  from  these  improvements,  viz. 

"  A  saving  will  be  effected  in  the  principal  part  of  (he 
cuttingH,  embankments,  viaducts,  &c.,  and  a  saving  of  full 
four-fifths  of  the  time  requisite  for  making  the  road.  In 
saving  the  land  lost  in  deep  cutting,  and  the  slopes  of  the 
embankments;  and  in  shortening  the  distance,  in  conse- 
iquence  of  the  engine  and  loaded  carriages  being  able  to 
pass  over  elevated  ground.  Owing  to  the  resistance  at 
each  individual  carriage,  the  engine  carriage  may  be  re- 
duced full  one-third  in  weight,  therefore  a  greater  load 
may  be  propelled  by  the  same  power.  In  saving  the 
primary  and  current  expenses  of  fixed  engines,  wherein 
the  power  applied  is  always  the  same,  whether  the  traffic 
upon  the  rail  requires  it  or  not,  and  in  avoiding  the  delay 
[Consequent  upon  their  employment;  whereas,  in  loco* 
'motive  engines  the  power  may  always  be  adapted  to  the 
trade  or  load.  In  alibrding  the  opportunity  of  passing 
liover  or  under  turnpike  roads,  &c.  by  which  much  of  the 
objections  raised  against  rail-ways  in  populous  districts  is 
I  obviated;  and  the  facility  with  which  obstacles  in  private 
property  may  be  avoided.  In  enabling  the  engine  and 
train  of  carriages  to  be  suddenly  stopped,  whether  on 
level  ground  or  in  descending  hills.  Likewise  reducing 
the  liability  to  breakage  or  accident  in  stopping  such  car- 
riages, in  consequence  of  the  number  of  parts  to  resist  a 
sudden  impulse. 

**  Rail-roads  of  the  usual  construction  soon  get  out  of 
order  by  wearing  at  the  turns,  and  in  the  settling  of  the 
^ound  in  new  embankpients,  which  will  be  wholly  pre- 
vented by  the  present  improvements.  There  being  no 
deep  cuttings  and  embankments,  property  in  land  will  not 
be  divided  by  them,  as  in  ordinary  cases.  By  means  of 
the  joints  (before  mentioned)  under  each  of  the  carriages, 
a  nearly  equal  bearing  of  each  wheel  is  effected,  if  the 
■urface  of  the  rails  should  be  uneven,  so  as  to  cause  the 
axles  to  stand  at  different  angles.  A  considerable  saving, 
it  is  considered,  will  likewise  be  made  in  the  tonnage  and 
interest  of  the  capital  expended,  and  in  completing  the 
rail  in  much  less  time  than  usual;  also  in  the  facility  and 
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little  expense  attending^  the  making  alteratioiB  in  tlie  nil 
after  completion/* 

Mr.  W.  II.  James's  mode  of  communicating  the  inpahr 
of  the  prime  mover  to  all  the  carriasfc^  of  a  train,  verv  to 
be  well  deHervin^  of  the  attention  of  enginrcni;  bnl  tf 
are  apprehensive  that  hi^  ingrnious  coinbinaliow  f«c 
making  turns  in  the  road  will  not  wear  wpII  in  pradio, 
and  that  the  disadvantages  of  the  increased  weigbt  of  At 
wheels,  and  other  obvious  dilliculties  attending  a  ^etrnk* 
nent  adjustment  of  the  curved  rails,  will  prcrenl  iWir 
introduction.  The  inventor  has,  however,  givi'n  then^ 
ject  much  of  his  attention,  and  it  may  be  more  valwiUi 
than  we  conjecture. 

We  have  already  noticed  the  immense  cxtrnt  to  wlkl 
rail-roads  have  been  carried  in  various  parts  of  the  kiaf» 
dom,  and  we  conceive  it  to  be  now  our  duty  to  p^^ 
detailed  account  of  that  stupendous  work,  the  MancbcslR 
and  Liverpool  Rail-way,  celeliraled  fur  having  caM 
forth  the  talents  of  rival  engineers  to  product*  tbcbHl 
locomotive  carriage,  to  be  employed  as  a  dnig^  tspOA  tk 
rail-way.  In  that  account,  we  purpose  availing  oaraelm 
largely  of  the  information  alfurdod  by  Mr.  Booth,  iakii 
interesting  history  of  (his  rail-way,  bm  the  facta  thovk 
may  be  relied  upon  as  authentic,  owing  to  the  oftdil 
situation  held  by  its  talented  author,  (that  of  Tramffcrll 
the  company.) 


In  1760,  two  thousand  five  hundred  and  sixty  vi 
paid  dock  duties  at  Liverpool;  in  1824,  ten  ihodowl; 
and  in  18S0,  eleven  thou^tand  three  hundred  and  eu^hty 
three; — in  17()0,  the  population  of  Liverpool  was  tweaty* 
!»ix  thousand;  in  1821,  one  hundred  and  thirty -fivr  tho*^ 
sand ;  the  population  of  Manchester  bein^,  in  1760,  tirfii^*<- 
two  thousand;  in  1824,  one  hundred  and  thirty-five  thott* 
sand;— in  1784,  eight  bags  of  cotton  were  imported  !■!• 
Liverpool  from  America;  in  1824,  four  hundred  and  mm 
thousand,  six  hundred  and  seventy  hags;  and  in  1829,  <it 
hundred  and  forty  thousand,  nine  hundred  and  niaetj- 
eight.      In   17fK),   the  first  steam-engine  wu  set  op  ii 
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Maocbester;  in  1824,  there  were  two  hundred  steam-eu- 
gines  there :  in  1SI4,  there  was  not  one  power-loom  in 
Manchester;  in  1824,  there  were  thirty  thousand.  In 
I82J,  the  average  quantity  of  raw  and  manufactured 
goods  transmitted  between  the  two  towns  was  one  thou- 
sand tons  daily,  and  it  now  amounts  to  thirteen  hundred 
tons;  about  one  thousand  of  which  pass  from  Liverpool 
lo  Manchester,  and  three  hundred  from  Manchester  to 
Liverpool.  The  bulk  of  this  immense  traffic  was  carried 
by  means  of  two  canals. 

Goods  had  to  be  first  sent  up  the  river  Mersey  to  Run- 
corn, a  distance  of  about  twenty  miles,  and  thence  by  one 
of  ibe  two  canals  to  Manchester,  making  the  whole  dis- 
tance between  the  two  towns  about  fifty  miles.    In  summer 
time,  there  was  frequently  a  deficiency  of  water,  obliging 
boats  lo  go  only  half  loaded,  while  in  winter,  they  were 
sometimes  locked  up  with  frost,  for  weeks  together.    Ves- 
sels, too,  were  often    arrested   in  their  progress  up   the 
Mersey,  by  contrary  winds,  and  exposed  to  loss   and  da- 
mage from  tempestuous  weather.     The  average  length  of 
the  passage  was  thirty-six  hours ;  but,  owing  to  the  various 
causes  of  delay  just  enumerated,  there  have  been  instances 
of  goods  being  a  longer  time  on  the  way  (by  water)  from 
Liverpool  to  Manchester,  than  from  New  York  to  Liver- 
pool ! 

In  1824,  Mr.  Sanders,  to  whom  the  plan  of  a  rail- way 
between  the  two  towns  had  been  suggested  by  Mr.  Wil- 
liam James,  engineer,  published  a  pamphlet  in  further- 
ance of  the  plan,  in  which  he  observes,  "Notwithstanding 
all  the  accommodation  the  canals  can  offer,  the  delays  are 
such  that  the  spinners  and  dealers  are  frequently  obliged 
to  cart  cotton  on  the  public  high-road,  a  distance  of  thirty- 
six  miles,  for  which  they  pay  four  times  the  price  whioh 
would  be  charged  by  a  rail-road,  and  they  are  three  times 
as  long  in  getting  it  to  hand.  The  same  observation 
applies  to  manufactured  goods,  which  are  sent  by  land- 
carriage  daily,  and  for  which  the  rate  paid  is  ^\e  times 
that  to  which  they  would  he  subject  by'  the  rail-road. 
This  enormous  sacrifice  is  made  for  two  reasons;  some- 
26.  4o 
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timed  because  conveyance  by  water  rsnaol  be  prooiplli 
obtained,  but  more  frequently  because  »|H*<^d  and  eef- 
tainty  as  to  delivery  are  of  the  very  first  importanct/' 
About  the  same  period,  the  tollowin^  public  drcUmiiM 
wai  sig^ned  by  upwards  of  one  hundred  and  fiHy  ut  ihi 
most  respectable  merchants  of  Liverpool, 

"  We,  the  undersigned  mercbanlfl  and  broken^  miAti 
in  the  port  of  Liverpool,  do  hereby  declare,  that  ne  kit« 
for  a  long  time  past  experienced  great  difficulty  ia  ^ 
taining  vessels  to  convey  floods  from  thk  place  toJMw' 
cheater,  and  that  the  delay  i^  highly  prejudicial  to  lit 
trading  and  manufacturing  interests  at  large;  ikal  M 
consider  the  present  establiubmentt)  for  the  traoaporl  if 
goods  quite  inadequate,  and  that  a  new  lior  of  roavft- 
mnce  has  become  absolutely  necessary,  to  conduct  Ibei^ 
creasing  trade  of  the  country  with  speedy  certatafy,ai4 
economy/' 

It  was  accordingly  determined  to  establish  a  nnapiBT 
for  the  formation  of  a  double  rail-way  from  Lirrrpool  to 
Manchester,  and  on  the  99th  of  October,  1824,  tlw  fini 
prospectus  of  the  company  was  hssued.  The  ailiaiHaf 
promised  by  this  prospectus,  and  in  an  amended  ooe^aAv^ 
wards  substituted,  were  briefly  these : — A  flaviii|^  oi  lisa 
and  of  money  in  the  transmission  of  the  tbovasiid  towar 
more  conveyed  between  the  two  towns  daily;  the  iaofaav 
of  commerce  and  manufactures,  by  increased  facility  of  Uk 
tercourse;  an  improved  channel  for  the  conveyance  ti 
the  manufactures  and  agricultural  produce  of  Ireland  I* 
the  populous  counties  of  Lancaster  and  York  ;  tke  c«» 
riage  of  farming  produce  to  the  large  towns,  and  Af 
return  of  lime,  manure,  ftc.  to  the  farmera;  tpnaAr 
conveyance  for  travellers;  and  the  carriage  of  coak  H 
Liverpool  and  Manchester,  from  the  valuable  miDcs  io  tht 
vicinity  of  St.  Helen's,  the  coals  having  been  heretafw* 
brought  to  Liverpool  principally  by  canal,  a  dbtancr  if 
thirty  miles,  whilst  by  the  raiUroad  the  distance  woali 
be  less  than  half,  and  the  price  materially  reduced.  TW 
quantity  of  coals  consumed  annually  in  Liverpool  wai 
Manchester  was  estimated  at  one  million  of  tonsyaad  <t 
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waa  calculated  that  the  saving  in  the  price  of  this  neces- 
sary article  of  domestic  consuniplioti,  would  alone  amount 
to  at  least  two  shillings  per  ton>  or  £100,000  annually,  in 
llie  consumption  of*  the  two  towns. 

The  rails  used  in  this  work  are  of  the  edge  kind,  such 
u  we  have  described  at  page  570;  they  are  made  of 
wrought-iroHy  in  lengths  of  five  yards  each,  and  weigh 
thirty-five  pounds  per  yard.  Tlie  rails  are  supported, 
•very  three  feet,  upon  stone  blocks,  each  block  containing 
Bearly  four  cubic  feet  of  stone.  Two  holes,  six  inches 
deep  and  one  inch  diameter,  arc  drilled  into  each  block, 
ind  into  these  are  driven  oak  plug^jf  and  (be  cast-iron 
fluiiri,  to  which  the  rail  is  immediately  fastened,  are  firmly 
ipiked  down  to  the  oak  plufi^s,  foriuinc^  altogether  a  con- 
itruction  of  great  solidity  and  strength.  On  the  embank- 
Rifiits,  where  the  foundation  may  be  expectod  to  Kub^ide, 
Ehe  rails  are  laid  on  oak  sLeeper^t;  thus  there  are  thirteen 
niles  of  the  rail  resting  on  oak,  and  the  remaining  eigh- 
teen miles  on  stone  sleepers.  There  are  two  double  lines 
if  rails  (as  represented  in  the  preceding  figure  7,)  wbicfa| 
$.  i»  said,  "are  laid  down  with  mathematical  correctness," 
nd  there  is  reason  to  believe  that  great  attention  has 
leen  paid  in  the  execution  of  this  part  of  the  work,  the 
V^sistauce  to  the  motion  of  the  carriages  thereon  having 
men  found  much  less  than  any  other  rail-way  of  the  same 
and.  The  four  rails  are  placed  "equidistantly,  four  feet 
light  inches  apart;  they  are  about  two  inches  in  breadth, 
ind  rise  about  one  inch  above  the  surface. 

From  Liverpool,  tlie  rail-way  commences  with  the  tun- 
lel,  one  end  of  which  is  in  Wapping,  near  the  Queen's 
iac}i,  and  extending  under  the  town  of  Liverpool,  nearly 
fom  west  to  east,  to  Edge  Hill,  a  distance  of  rather  more 
ban  a  mile  and  a  quarter.  It  was  constructed  in  seven 
^  eight  separate  lengths,  each  communicating  with  the 
irface  by  means  of  perpendicular  shafts.  The  iirst  two 
Ondred  and  seventy  yards  from  Wapping  arc  perfisctly 
ivel ;  in  the  remaining  distance  of  one  thousand  nine 
nndred  and  eighty  yards,  there  is  a  uniform  rise  of  three- 
lurths  uf  an  inch  in  the  vard,  so  that  the  mouth  of  the 
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tunnel  at  Ede^e  Hill  is  one  hundred  and  Iwentv^tbrMfMl 
hif^her  than  the  WappiujE^  end.  The  tunnel  ts  mM%^ 
washed  throughout,  and  lighted  with  ga«,  and  the  cCkI 
produced  is  very  singular  and  picturesque.  The  p^ 
lights,  which  depend  from  the  roof,  ur*'  thirty  >urd«  Apait, 
those  nearest  the  npectator  appenr  ut  cun?«iderabtr  ifaf- 
tances  from  each  other,  but  gradually  approvimatiaf  m 
the  perspective,  they  fiMall\\bpcoHie  blendeil  into  a  cMlt- 
nuous  and  brilliant  line  of  flame,  fading  n\va\  from  a  p«v 
white  to  a  fine  red  colour.  The  whitened  roof  and  lida 
contiguous  to  each  light  are  so  Htrongly  il]unii»ed,  iktf 
the  whole  vista  appears  like  a  succession  of  MUficrb  arcW 
formed  through  massive  parallel  walls,  the  ini 
spaces  being  left  in  comparative  darkness.* 

About  half  a  mile  from  the  tunnel,  the  rail-roAd 


Wavertree  Lane,  and  there  is  then  a  descent,  far  fvt 
miles  and  a  half,  at  the  rale  nf  one  in  ei^hircn  httndirrf 
and  twenty,  or  four  feet  in  the  mile.  About  half  a  adt 
to  the  north  of  Wavertree,  at  Olive  Mount,  thrrr  ii  m 
excavation  through  the  solid  rock,  seventy  feel  below  tk 
surface,  and  two  miles  in  length.  The  road  u  berr  lied* 
more  than  barely  sufficient  for  two  carriages  lo  psn.  Th* 
road  is  then  carriefl,  by  means  of  a  great  etnb•ak■fli^ 
varying  from  fifteen  to  forty-five  feet  in  height,  mmi  Am 
sixty  to  one  hundred  and  thirty-live  feet  in  brrjuillltl  tte 
base,  across  a  valley  at  Roby,  or  Broadgrcen,  twe  aalM 
in  length.  It  then  crosses  the  Huyton  turnpike  road,  a 
little  past  Roby;  six  miles  and  three  quarter*  fraa 
Liverpool  there  is  a  Junction  rail-way,  for  the  convrvaaoB 
of  coals  from  the  neighbouring  mines;  on  tbi!  right,  aa4 
at  a  distance  of  seven  or  eight  miles  from  the  Liyerpwl 
station,  it  comes  to  the  Whiston  inclined  plane,  wbichii 
(me  mile  and  a  half  long,  and  rises  about  one  in  nuictyHix. 
There  ia  here  a  stationary  engine  to  assist  the  carnafo 
in  their  ascent.  For  nearly  two  miles,  the  road  ia  tWa  M 
an  exact  level.  It  was  on  this  part  of  the  ro«(),  tkfti  lit 
contest  of  locomotive  carriages,  for  the  premium  ofjCfiOl^ 

•  Walker's  •*Deicri|»tiui»  of  the  HmUvhj," 
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iook  place,  in  October  last,  the  result  of  which  determined 
the  directors  to  make  use  of  locomotive  engines  instead  of 
stationary   ones.     About   half  a  mile  from  the  Whiston 
l^plane,  at  Rainhill,  the  Liveqiool  and  Manchester  turn- 
pike-road crosses  the  rail-way>  at  an  an»lc  of  thirty-four 
degrees.     On   leaving  the  level  at  Rainhill,  the  rail-way 
crosses  the  Sutton  inclined  plane,  which  is  of  the  same 
extent  as  that  at  Whiston,  and  descends  in  the  same  pro- 
rtion  that  ihe  other  rises.     There  is  here  another  sta- 
onary  engine.   A  little  bevond  Rainhill  Heveral  collieries 
omninnicate   with    the  road  by  means  of  rail-ways,  and 
e  Runcorn  Gap  Rail-way  will  here  cross  the  line  to  St. 
lelen's. 
The  next  object  of  interest  is  Parr  Moss,  the  road  over 
hich  is  formed  principally  of  the  clay  and  stone  dug  out 
if  the  Sutton   inclined   plane,  and  extends  about  three 
tiarters  of  a  mile.    The  moss  was  originally  about  twenty 
pet  deep,  and  the  embankment  across  it  is  nearly  twenty- 
ve  feet  high,  though  only  four  or  6ve  feet  now  appear 
bove  the  surface,  the  rest  having  sunk  1h»1ow  it.     The 
toad  is  then  carried  over  the  valley  of  Sankey,  by  means 
pf  a   massive  and   handsome  viaduct,  consisting  of  nine 
arches,  of  fifty  feet  span  each ;  the  heiifht  of  the  parapet 
being'  seventy  feet  above  the  8ankey  canal  in  the  valley 
beneath.     The  viaduct  is  built  principally  of  brick,  with 
stone  facings,  and  the  foundations  rest  on  piles  of  from 
twenty  to   thirty  feel  in   length,  driven   into  the  ground. 
The   breadth   of  the   rail- way    between   the  parapets  is 
twenty-five  feet.     The  viaduct  is  approached   by  a  stu- 
pendous embankment,  formed  principally  of  the  clay  dug 
From  the  hi£jh  lands  surrouncJins;  the  valley.     The  appcar- 
mce  of  the  vessels  sailing  in  the   canal,  seventy  feet  be- 
neath the  viaduct,  has  a  romantic  and  striking  effect.     It 
is  situated  about  fourteen  miles  and  a  half  from  Liverpool. 
The  expense  was  £45,208  :  18  :  a     A  little  to  the  south 
af  the  town  of  Newton,  the  rail-way  crosses  a  narrow 
rallev,  by  the  short  but  lofty  embankment  of  Sandy  Mains, 
uid   a   handsome   bridge  of  four  arches,  each   forty  feet 
ipan.  under  one  of  which  passes  the   Newton  and  War- 
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ringtoii  turnpike-road.     The  Wigan  and  Newlon  bmch 
here  enters  the  raiUMay. 

A  few  mites  beyond  Newton  is  the  great  KeD)OQMa» 
vation,  tVoni  which,  above  cif;ht  thousuuil  cubic  )»r4«f 
clay  and  sand  were  dng  out.  The  Kenyon  and  Lri||b 
Junction  Rail-way  here  joins  the  Liverpool  and  Man- 
chester line,  and,  as  it  also  joins  the  Boltun  and  Lci^ 
line,  brings  into  a  direct  commuDication  Liverpool  m4 
Bolton.  The  Liverpool  and  Manchester  Railifay  Um 
parses  successively  under  three  handsome  bridges;  uAi 
little  beyond  Culcbeth,  over  (he  Urosely  rmhaalfnt, 
which  is  about  a  mile  and  a  half  in  leogth^  and  fraa 
eighteen  to  twenty  feet  in  height.  It  then  pa^es  anr 
Bury  Lane,  and  the  small  river  Ciless,  or  Gla 
and  arrives  at  Chat  Moss.  This  is  a  huge  bog,  C4 
an  area  of  about  twelve  square  miles,  so  9of\  that  altk 
cannut  walk  over  it,  and  in  many  parts  so  fluid,  that  ai 
iron  rod  laid  upon  the  surface  would  sink  to  the  botlsSi 
by  the  eflfect  of  its  own  gravity,  it  is  from  ten  to  tlurtf 
five  feet  deep,  and  the  bottom  is  compo'sed  of  cUyai' 
sand.  It  was  accounted  by  »omc  an  impossibility  loewry 
the  road  across  this  huge  bog;  but,  by  ingcnuitv  anrfp^ 
severance,  the  work  has  been  eflected,  and  a  firai  roiJii 
now  carried  across  the  moss.  Hurdler  of  brushwood!  ai4 
heath  are  placed  under  the  wooden  sleepers,  aofytrtkif 
the  rails  over  the  greatest  part  of  the  moss,  and  tW  rmi 
may  be  said  to  Hoal  on  the  surface.  Thci  roost  dilicah 
part  was  on  the  eastern  border,  extending  alniot  half  a 
mile,  where  an  embankmeiit  of  twenty  feet  in  hrixbt  vai 
made,  and  many  thousand  cubic  feet  of  iMirth  Hank  iato 
the  moss  and  diHsppeared,  before  the  Hae  of  road  i^ 
prnached  the  proposed  level.  At  length,  bo^«  ' 
became  consolidated;  in  1829,  one  rail-way  was 
the  whole  moss,  and  on  the  first  of  January,  1^ 
Rocket  steam  engine,  with  a  carriage  and 
passed  over  it.  The  line  extends  across  the 
tance  of  about  four  miles  and  three  quarters^  and  tKe 
is  not  inferior  to  any  other  part  of  the  r^il-way.  Tl» 
work  was  completed  at  an  expense  of  1^,719  :  11 
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On  leaving  Chat  Moss,  the  road  passes  over  the  low- 
lands at  Barton,  exti?ndin§:  about  a  mile  between  the  moss 
^nd  Worsley  canal,  by   means  of  an  embankment;  it  13 
tarried  over  the  canal   by  a  neat  stone  viaduct  of  two 
jlrches;  it  then  proceeds  through  Ecclcs,  and  a  portion  of 
ford,  under  six  bridges;  it  is  carried  over  the  Irwell 
a   handsome   stone   bridge,  of  sixty-three    feet  span, 
irly  feet  from  the  water,  and  then  over  twenty-two  brick 
ches;  and  a  bridge  over  Water  Street,  to  the  Company^s 
tion  in  Water  Street,  Manchester,  a  distance  of  thirty- 
e  miles  from  the  Liverpool  station.     The  rail-way  is 
re  on  a  level  with  the  second  story  of  the  Company's 
rehouses.     On  the  line  between   Liverpool  and  Man- 
ester,  there  are,  besides  culverts  and  fool  bridges^  sixty- 
ree  bridges,  of  which   thirty  pass  under  the   turnpike- 
d,  twenty-eight  over  it,  four  over  brooks,  &c.^  and  one 
er  the  river  Irwell.     There  are  twenty-two  of  brick, 
enteen  of  wood  and  brick,  eleven  of  brick  and  stone, 
even  of  wood,  and  two  of  stone  and  wood,  at  a  total 
pense  of  £99,065  :  11  :  9. 
From  the  top  of  the  Liverpool  tunnel  to  Manchester, 
rith   the  exception  of  two  inclined  planes  at   Rainhill, 
ne  ascending  and  the  other  descending,  at  an  inclination 
one  in  ninety-six,  and  where  some  assistant  power  must 
used)  there  is  no  greater  inclination  than  in  the  ratio 
about  one  in  eight  hundred  and  thirty;  and  since  the 
vantage  on   the  descending  side   will   nearly  counter- 
lance  the  disadvantage  in  ascending  so  gradual  u  slope, 
e  rail-way  may  be  regarded,  for  practical  purposes,  as 
rly  horizontal.     The  rails  at  the  mouth  of  the  tunnel. 
Edge-hill,  are   forty-six  feet  above  the  rails  at  the 
Chester  end  of  the  line. 
In  the  formation  of  the  rail-way,  there  have  been  dug 
t  of  the  different  excavations,  upwards  of  three  millions 
cubic  yards  of  stone,  clay,  and  soil;  and  the  weight  of 
ke  double  lines  of  rail  laid  down,  is  more  than  four  thou- 
Ind  tons. 

^The  following  general  abstract  of  the  expenditure  of 
be  rail-way,  to  the  thirty-first  of  May,  1830,  showing  the 
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cost  of  the  difierent  branches  of  the  undertaking,  mijW 
of  considorable  use  to  those  who  §hall  hereinafter  «*btft 

in  similar  adventures. 


Adrvrtisinfjr  account     tSt$ 

Brick- mak i ri g  account I^HI 

Bridge  account • ,       MUNi  I 

Charge  for  direction    ••«••••*         t,»U 

Charge /ur  feuriog  IuJH  V 

Cart  OHtablishnient    4il 

CI1.U  Muas  a(  count* t7,n9  II  H 

Cuttiugs  and  enibankmcntsf •••.......      199»m   19 

Carrying    department,    compnsinf    ac- 
count expended  in  lund  and  budding* 
for  atations  and    drpAls,  W!irrliou»f*ts 
ofiicei,  &c.,  al  the  Liber|H>ol  end  ....  £3&r&3S     O     O 
Expended  at  tlie  Muiiche»ter  station    ,,       6»1flB     0     O 

Sidetunnel     tA»    0    O 

Oas.light  account,  including  cost  of  pipe*, 

gasometer.  &c • .        1.040    0    O 

Engines,  coaclies,  machines,  &c ICUWI   II     4 


««JffU  4 


Carried  forward 


U  S 


*  Tlie  embankmuntb  included  under  this  head  consist  of  atMltv* 
handred  and  seventy-seven  tliouxand  cubic  yurds  of  rtkw  mtm  tttlk, 
io  the  formation  of  whirh,  about  six  hundred  and  ftcv<^t]M**** 
saod  cubic  yards  of  raw  moss  have  been  uscd(  tlie  diff«i«Btt  ta  m^- 
■urement  tM>ing  occasioned  by  the  squeezing  ontof  tlir  sQpcfabvad 
water,  and  roiisoquent  contohdntion  of  the  moss,  Tbv  wxptvA^bm 
00  this  part  of  the  bne  has  bion  Uhs  than  the  average 

f  Under  tliis  head  is  coniprisvi)  the  earth  work  00  the 
exclosive  of  the  Chat  Moii«  diitrict.  The  cutting*  aom^-whal  ctnU 
the  cmbankings  -  the  surplus  is  principally  depossted  along  Uw 
of  the  Great  Kenyon  Cutting.  The  excarations  conaiat  of  ab««t  v«a 
hundred  and  twenty-two  tltousand  cubic  yards  of  rock  a«tl  aM^lvt 
about  two  milhon  six  thousand  cubic  yards  of  marl,  eanKMi 
This  aggregate  mass  has  been  removed  to  various  dblanrai^ 
few  furlongs  to  between  three  and  four  miles;  ami  no  k\ 
portion  of  it  has  been  hoisted  up  by  machinery,  fh^a  ndei^lioftliffr 
to  sixty  fc«t,  to  bo  deposited  on  the  surface  alwve.  cilbv  tan 
in  permanent  spoil  banks,  or  to  be  aAerwards  carried  to  tte 
embankment. 
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Brought  forward  ....   ril>5,399  11     3 

Ponnfttion  of  the  road*  ,,•.*,.•,,»,.., 20,568  15    6 

Rail  account •.....••«.. , U7,912     0     0 

Tlii*  expenditure  couipriseif  the  following  items: — 
Rails  for  a  double  way  from  Liverpool  to 
Matichestorp  with  ocrasional  lines  of 
communication,  and  additional  flide-Hnes 
Bt  the  different  depots,  being  aboot- 
thirty-tive  miles  of  double  way  ^  three 
thousand  eight  hundred  and  forty-seven 
tons,  at  prices  averaging  something  less 

tlian  £12  :  lOi.  per  ton   48,0(M)     0    0 

Oait-tron  rharns,  one  tlionsnnd  fr>nr  hun- 
dred and  tweniy.eight  toiis^at  an  average 

of /lO:  10». 15.000    0     0 

Spikes  and  keys  to  fasten  the  trhains  to  the 
blocks,  and  the  rails  to  the  chains. .  • .        3,B30    0     0 

Oak  plugs  for  the  blocks 0T5     0     0 

Sundry  flreights^  cartages,  &r 467    0    0 

Interest  account  (balance) ..,, 3,62I>  16    7 

I>«nd  account    95,305     8     H 

OtBce  establishment     ««v«^«.»f««..     4.999     8     7 

Parliamentary  nnd  law  expenditure 2S.46&    0  II 

Stone  blocks  and  sleepersf    20,620  14    5 

Sarreying  account Id.S£9     8     7 

Travelling  account 1,123     I     S 

Tunnel  account ^^ ..^x^,..  34^791     4     9 

TanncI  compensation  account 9^7     5     7 

W«gf  ous  nsed  in  the  progress  of  the  work    84*185     5     7 

Snadry    payments   for    timber,   iron,    petty    disburse- 

ments,  &c 2,227  17    3 

£739,185     5     0 


*  By  this  is  understood  what  is  termed  ballasting  the  road— that  is, 
depositing  a  layur  of  broken  rock  and  sand,  about  two  feet  thick,  viz. 
one  foot  below  the  blocks,  and  one  foot  distributed  hettctfti  them, 
serving  to  keep  them  firm  in  their  places.  Spiking  down  the  iron 
chains  to  the  blocks  or  sleepers,  fastening  the  rails  to  the  chaiira  with 
iron  keys,  and  adjusting  the  rail-way  to  Ihe  exact  width,  siid  curve, 
And  level,  come  under  this  head  of  ex|»cn<iiturc. 

f  Out  of  tl»irty-one  miles,  eighteen  are  Uid  witli  stone  blocks,  and 
thirteen  wilh  wooden  sleepers  or  larch;  the  Utter  being  Inid  prin- 
a^ipallv  across  the  embankment  and  across  the  two  districts  of  moss 
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The  directors,  in  their  report  of  March  Imsi^  ttalr,  (ImI. 
for  the  finishing  the  »ork,  i^allin^,  fencings, 
&c.  a  further  sum  of  £80,834  :  155.  will  be  nrcc— i) t 
thus  making  the  whole  sum  expended  in  this  ntagni6e(«l 
and  national  undertaking,  £820,000,  or  more  than  do«Wc 
the  estimate  made  in  the  first  prospectus  of  the  coaptav. 

It  appears  that  the  directors  had  coniiiderable  diAcally 
in  coming  to  a  conclusion  respecting  the  kind  of  niMJafi 
to  be  used,  and  thepoirer  to  l>e  employed.  On  this  pari 
of  the  subject,  Mr.  Booth  observes: — 

"Multifarious  were  the  schemes  proposed  to  (be 
tors  for  facilitating  locomotion.  Communicalioi 
received  from  all  classes  of  persons,  each  reconi 
an  improved  power,  or  an  improved  carriage;  froa 
fessorb  of  philosophy,  down  to  the  humblest  mecbanie,ad 
were  zealous  in  their  proffers  of  assistance.  Engkadi 
America,  and  continental  Europe,  were  alike  trtbatarj. 
Every  element,  and  almost  every  substance,  wa«  brovffcl 
into  requisition,  and  made  subservient  to  the  ^reat  wori. 
The  friction  of  the  carriages  was  to  be  reduced  m>  low, 
that  a  silk  thread  would  draw  them,  and  the  power  to  h$ 
applied  was  so  vast  as  to  rend  a  cable  asunder.  Hydrofca 
gas  and  high-pressure  steam,  columns  of  water  and  colaaii 
of  mercury,  a  hundred  atmospheres  and  a  perfect  racaiai 
machines  working  in  a  circle  without  fire  or  Ateaoiy  fea^ 
rating  power  at  one  end  of  the  process  and  giving  it  eat 
at  the  other,  carriages  that  conveyed  every  one  its  owi 
rail-wa\,  wheels  within  wheels  to  multiply  and  feed  m'lik' 
out  diminishing  power;  with  every  complication  of  hi* 
lancing  and  countervailing  forces,  to  the  nfp^u  v/frs  e( 
perpetual  motion.  Every  scheme  which  the  restleai  ia- 
genuity  or  prolific  imagination  of  man  could  dcTise,  wv 
JiUerally  offered  to  the  company, — the  difficulty  wa«^  ta 
choose  and  to  decide. 

''  Was  a  capital  of  £100,000  to  l>e  invested  in  giaii 
eutjinesy  or  in  locomotives?    The  directors  resolved  ti 
tain   the  assistance   of   two  professional   engineers, 
should  visit  the  Darlington  and  Newcastle  rail-wa» 
girnt  theatre  of  practical   operations,  carefully  examine 
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power, 
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(be  working   of  the   two  species  of  mechani 

taking  note  of  the  advantasi^es  and  disadvantages  ot  each, 
make  an  accurate  calculation  of  the  cost  oT  both  modes  of 
conveyance,  and  report  to  the  Board  fitllyon  the  subject/' 
This  was  accordingly  done,  and  (he  reports  of  the  compa- 
rative merits  of  the  two  modes  were  laid  before  the  com- 
mittee. 

The  leanino^  on  the  part  of  a  majority  of  the  directors 
was  in  favour  of  locomotives,  provided  they  could  be  con- 
structed of  adequate  power,  and  at  a  less  weight  than  the 
travelling  engines  then  in  use,  which  were  generally  eight 
or  nine  tons  in  weight,  and  some  titill  heavier,  the  conse- 
quence of  which  was,  no  small  injury  to  the  rail-ways,  and 
proportionate  expense  in  kccping'the  road  in  repair;  and 
further,  it  was  quite  essential,  according  to  the  provisions 
of  the  Rait-way  Act,  that  (hey  should  not  smoke.  The 
directors  determined  to  obtain,  if  possible,  a  locomotive 
engine  of  improved  construction,  that  should  comply  with 
these  conditions;  and  with  thut  object  in  view,  publicly 
offered  a  reward  for  the  most  improved  locomotive  engine, 
subject  to  certain  stipulations  and  conditions,  a  copy  of 

■  which  is  subjoined. 

■  *^  On  which  the  directors  of  the  Liverpool  and  Man- 
chester Rail-way  ofTer  a  premium  of  i^500,  for  tl.e  most 
improved  locomotive  engine. 

*'  1.  The  said  engine  must  '  effectually  consume  its  own 
emoke,*  according  to  the  provisions  of  the  Rail-way  Act, 
^th  Geo.  IV. 

■  ^*2,  The  engine,  if  it  weighs  six  tons,  must  be  capable 
■of  drawing  after  it,  day  by  day,  on  a  well-constructed 
^^il-way,  on  a  level  plane,  a  train  of  carriages,  of  Ihe  gross 

weight  of  twenty    <  \    ,  including  the  tender  and  water* 
■lank,  at  the  rate  of  ten   miles  an  hour,  with  a  pressure  of 
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2bth  April,  1829. 
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steam  in  the  boiler  not  exct^eding  Bfty  pouDdi  or  iW 
square  inch. 

^^3.  There  roust  bo  two  SHfcty-valve*,  one  of  wkack 
must  be  completely  out  of  the  reach  or  conlrool  of  the 
engine-man,  and  neither  of  which  must  be  fa«t«iie4  dma 
while  (he  engine  is  working. 

'^4.  The  engine  and  boiler  must  be  supported  on  tpniilS 
and  rest  on  aix  wheeb;  and  the  height,  from  tlM  gnmtd 
to  the  top  of  the  chimney,  must  not  exceed  fift«»e«  feet. 

''5.  The  weight  of  the  machine,  with  its  comtphmmi^ 
water  in  the  boiler,  must,  at  nionl,  not  exceed  six  (««: 
und  a  machine  of  less  weight  will  be  preferred,  if  il  drav 
after  it  a  proportionate  weight;  and  if  the  weif^t  of  iJm 
engine,  Sic.  do  not  exceed  five  tonSf  then  the  groM  weifte 
to  be  drawn  need  not  exceed  fi|1teen  lon«,  and  in  thai  pea* 
portion  for  machines  of  still  Rmallor  weight,  provided  ihtf 
the  engine,  i^'c.  shall  still  be  on  six  wheeb,  ttnloi  tW 
weight  (ltd  above)  be  re«]uced  to  four  tone  ami  s  lull|  ar 
under,  in  which  ca«»e  the  boiler,  Ac.  may  be  placed  •• 
four  wheels.  And  the  company  shall  l>e  at  lib«riT  fa  pal 
the  boiler,  Ure-tu1>e,  cylinders,  ^c.  to  the  tett  of  a 
aure  of  water  not  exceeding  one  hundred  and  fifty 
per  square  inch,  without  being  answerable  for  any 
the  machine  may  receive  in  con!*equence. 

*'6.  There  must  be  a  mercurial  guage  affixed  to  tk 
machine,  with  index  rod,  showing  the  steam  proaaure abort 
fnrty-iive  pounds  per  square  inch,  and  constructed  loMav 
out  a  pressure  of  nixty  poundn  per  inch. 

**7.  The  engine  to  be  delivered  complete  for  trials  at 
the  Liverpool  end  of  (he  rail-way,  not  later  than  the  lit 
of  October  next. 

^^  8.  The  price  of  the  engine  which  may  be  aecep(cd,aat 
to  exceed  £55t\  delivered  on  the  rail*way ;  and  aayca* 
gine  not  approved,  to  be  taken  back  by  the  owner, 

*' N.D.  The  rail-way  company  will  provide  the  emfim 
tender  with  n  supply  of  water  and  fuel  for  lb#  rxpM> 
ment.  The  distance  within  the  raife  b  four  feet  eight 
incheaand  u  half.** 
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Meanwhile,  all  measures  relative  to  the  moving  power 
were  suspended,  till  (he  result  of  the  trials  of  the  specimen 
tngines  should  be  ascertained.  On  the  6th  of  October, 
ivhich  was  the  day  subsequently  fixed  for  the  trials,  the 
judges  appointed  by  the  company,  on  considering  the  card 
of  ^^dtipulalions  and  conditions^'  originally  issued  by  the 
directors,  found  it  necessary  to  make  the  following  ar- 
rangements for  the  trial,  which  we  in<ierl,  as  some  of  the 
((onditiona  embrace  a  very  correct  mode  of  testing  the 
power  of  such  machines. 


■jt  TEIAL  OF    THE   LOCOMOTIVB  ENGINES  ON  THB  LIVER- 
.  POOL   AND   HANCUESTER    HAIL-WAY. 


**  The  following  is  the  ordeal  which  we  have  decided 
each  locomotive  engine  shall  undergo,  in  contending  for 
!ihe  premium  of  £500,  at  RainhilL 

"  The  weight  of  the  locomotive  engine,  with  its  full 
complement  of  water  in  the  boiler,  shall  be  ascertained  at 
(he  weighing-machine,  by  eight  oVlock  in  the  morning, 
and  the  load  assigned  to  it  shall  be  three  times  the  weight 
thereof.  The  water  in  the  boiler  shall  be  cold,  and  there 
shall  be  no  fuel  in  the  fire-place.  As  much  fuel  shall  be 
weighed,  and  as  much  water  shall  be  measured  and  deli- 
vered into  the  tender  carrianc,  as  the  owner  of  the  engine 
may  consider  sufficient  for  the  supply  of  the  engine  for  a 
journey  of  thirty-fi%'e  miles.  The  lire  in  the  boiler  shall 
then  be  lighted,  and  the  quantity  of  fuel  consumed  for 
getting  up  the  steam  shall  be  determined,  and  the  time 
noted. 

**  The  tender  carriage,  with  the  fuel  and  water,  shall  be 
considered  to  be,  and  taken  as  part  of  (he  load  assigned  to 
tbe  engine. 

'^  Those  engines  which  carry  their  own  fuel  and  water, 
shall  be  allowed  a  proportionate  deduction  from  their 
■load,  according  to  the  weight  of  the  engine. 

**  The  engine,  with  the  carriages  attached  to  it,  shall 
bo  run  by  hand  up  to  the  starting-post;  and  as  soon  as  the 
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steam  is  got  up  to  fifty  pounds  per  square  inch,  lb* 
shall  set  out  upon  itd  journey. 

**  The  distance  the  engine  shall  pertbrm  each  Irt^^dl 
he  one  mile  and  three  quartent  each  way,  incliMiiBf  oat 
eighth  of  a  mile  at  each  end,  one  for  getting^  up  lh«  ipHd, 
and  the  other  for  stopping  the  train;  by  ihi*  luruM,  iIh 
engine,  with  its  loud,  will  travel  one  mile  and  a  balfead 
way,  at  full  speed. 

**The  engine  shall  make  ten  (rips,  which  shall  br  eqnl 
to  a  journey  of  thirty-five   miles;  thirty    mrle«  « 
shall  be  performed  at  full  speed,  and  the  avermgv 
travelling  shall  not  be  less  than  ten  miles  an  hour. 

^^  As  soon  as  the  engine  has  performed  thi$  ta«k  ( 
M'ill  be  equal  to  the  travelling  from  Liverpool  lo 
Chester,)  there  shall  be  a  fresh  supply  of  fuel  and  wtlcr 
delivered  to  her;  and  as  soon  as  she  can  be  got  mdj  !• 
set  out  again,  she  shall  go  up  to  the  starting-potl,  uri 
make  ten  trips  more,  which  will  be  equal  to  ihe  joarwy 
from  Manchester  back  again  to  Liverpool. 

^'  The  time  of  performing  every  trip  shall  be  accarAtfJf 
noted,  as  well  as  the  time  occupied  in  getting  ready  to  Mi 
out  on  the  second  journey. 

''  Should  the  engine  not  be  enabled  to  take  along  milk 
it  sufficient  fuel  and  water  for  the  journey  of  ten  trip, 
the  time  occupied  in  taking  in  a  fresh  supply  of  fuel  aaJ 
water,  shall  be  considered,  and  taken  as  a  part  of  the  tiat 
in  performing  the  journey. 

"  J.  L.Rasthick,  Esq.  Stourbridge, C.E 
"Nicir.  Wool),  Esq-  Kinnigworlh,C.E.f  Judgw. 
*^  John  Kbk.nhdv,  Esq.  Manchester. 

''Liverpool,  Oct,  6,  18-29." 


] 


The  number  of  competitors  actually  ready  to  lake  tW 
field  were  only  five,  although  several  other  individaall 
had  made  preparations  fur  that  purpose,  but  were  Ml 
ready  in  time.  The  following  is  a  list  of  Ihote  whicJiei- 
perimented : — 

No.  I.  Messrs.  Bratthwuite  and  Ericsson,  of  LoodaOi 
"The  Novelty;"  weight,  2  Ions,  16  owl. 
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On  the  6tb,  (be  finat  engine  which  experiMeBled 
<^The  Rocket"  of  Mr.  Stephenson,  an  exterml  vitvU 
which  is  represented  in  the  preceding  col. 

Its  construction  has  been  thua  described  tn  a  nurJoiiril 
journal: — "The  furnace,  A,  w  two  feet  wide,  bj  lint* 
feet  high;  the  boiler,  B,  is  eix  feet  lonf,  and  ibrMlbtlH 
diameter.     The  furnace  has  an   external  casing,  befvcea 
which  and  the  fire-place  there  is  a  apace  of  time  iachn» 
tilled   with   water,   and   communicating    with   tbr  boiUr. 
The  heated  air  from  the  furnace  is  circulated  throo^  iW 
boiler  by  means   of  twenty-five  copper   t>tp«a,  of  ibfw 
inches  each  in  diameter,  which  have  their  lOTBiaalM 
the   tall  chimney  C.      P  Cv,  are   safety   valvea;  H  Hy 
steam  eduction  pipes;  D,  one  of  two  steam  cyltfidcfa,w 
are  placed  in  an  inclined   position,  and  embrace,  lika  t 
arms,  the  boiler  between  them.     E,  one  uf  the  coaoectiif 
rods,  which  give  motion  to  the  wheeU;  rt,  lbeslide*TalTt>^ 
and  o,  one  of  two  escape-pipes.     IV1  is  part  of  the  tra^ 
appropriated  to  the  carriage  of  the   fuel;   N,  tbc  vatf 
cask." 

From  this  description  of  Mr.  Stephenson's  roachiac,  it  a 
evidently  capable  of  aflbrding  considernhle  power.     X 
load  was  attached  to  it,   of  twelve  ton»,   fiiXeen  husdiW 
weight,  which   it  drew  at   the  rate  of  from  Irn  to  elevca 
miles  in   the   hour,  and   when   the   weight   was  detacWrf 
from  it,  it  attained  a  speed  of  about  eighteen  railei  is  thr 
hour.     This  experiment,  it  would  appear,   was  ooh  is- 
lended  as  a  rehearsal,  and  not  as  a  deciaive  trial  uf 
powers,  as  it  was  afterwards  proved  capable  of 
more  than  double  that  effect,  as  we  shall  hereafter 
in  its  proper  place. 

The  next  engine  that  exhibited  its  locomotive 
was  "The  Novelty,'*  of  Messrs.  Braithwaite  and 
which  WM  much  admired  for  its  lightnesa  and 
ness;  the   form   being  also  very  different   to  that  of  ^ 
other  locomotives  previoanly  used,  and  the  beauty  or» 
perior  finish  of  its  workmanship,  nadc  it  an  object  of 
attraction.     In  the  annexed  cat,  a  tide  eletalion  of  il 
given. 
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The  preccdini;  cn^ruvint^,  fi^.  1^  exhibits  an  exteroii 
elevation  of  the  machine.  F,  is  the  carria^-frane)  K| 
one  end  of  a  long  horizontal  c)linder,  fnrfirin^  the  prin- 
cipal part  of  the  boiler,  which  extends  to  the  lar|cr  ver- 
tical vessel  A,  at  the  other  end  of  the  carriage,  and  coft- 
tuins  forty-five  gallons  of  water;  L,  a  hopper,  to  supply 
the  fuel,  (which  is  carried  in  small  huskeis  placed  on  ti« 
carriage,)  whence  it  is  conducted  hy  a  tuln-  in  tbccentrt 
of  the  steam-chamber  A,  into  the  furnace  S,  licneath.  At 
C,  is  a  blowing  machine^  the  air  from  which  i«  condactt^ 
by  a  pipe  under  the  carriage,  and  proceeding  by  the  tube 
K,  enters  the  ash-pit  >!,  under  the  furnace;  Q,  is  a  pipt 
for  the  escape  of  the  healed  gases  after  the  coinbtt»t»o«, 
and  forms  the  only  chimney  used;  U,  i»  the  wnlcr-Uak; 
at  D  N  are  two  working  cylinders,  with  their  steam^pipci 
and  valves;  the  cylinders  are  six  inches  in  diameter,  a»4 
have  a  twelve-inch  stroke;  O  G  are  connrcttng  roili, 
which  impart  the  force  of  the  engines  to  tbo  rnnuai 
wheels;  the  arrangement  of  these  parts  will  br  betici 
comprehended  hy  the  annexed  diagram,  Hg.  9. 

The  axletrees  are  lixed  to  an  iron  rod  A,  and  tit 
■re  introduced  at  C,  to  prevent,  it  in  saidt  tbe 
action  between  the  rod  and  the  carriage-frame  B;  and 
prevent  the  effect  of  the  springs  from  countemcttog 
action  of  the  engine,  the  connecting  rods  at  O  are  placf^ 
as  nearly  as  possible,  in  a  horizoniul  position^  and  (W 
niotion  is  communicated  to  them  by  belUcranks  at  K,  M 
each  side  of  the  carriage,  being  connected  by  the  slinic«F« 
to  the  piston  rods.  The  pistons  used  are  the  patent  mr* 
Inllic  of  Barton,  (described  at  page  427,)  and  the  runaiaf 
w  heels,  the  patent  suspension  kind,  of  Theodore  Jon«9  aa4 
Co,  (See  Journal  of  Patent  luveniionst  vol.  ii.  p«ge65.) 

Fig.  3,  exhibits' a  section  of  the  boiler  introditccd  bjr 
Messrs.  Braithwaite  and  Ericsson,  into  **  The  Novelty" 
ytenm-carriage,  which  we  nre  induced  to  insert  bete,  as  it 
has  been  deemed,  hy  some  influential  persons,  to  be  the  graatf 
desideratum  in  this  branch  of  practical  nMcbttnica;  it  is 
therefore,  desirable  that  its  real  merits  should  comtt  wUtf 
the  consideration  of  the  reader. 


diTl 

the 


Sy  is  the  furnace  surroundeil  by  water,  and  L»  UwUW 
by  which  the  fuel  is  supplied  to  feed  the  fire;  M,  w  tW 
ash-pit,  through  which  the  air  is  forced  by  the  pip*  K, 
from  the  bellows  of  the  en^rine.  The  veanel  r niHiwn| 
the  water  that  surrounds  the  furnace,  and  the  long  cylh 
der  that  proceeds  horizontally  from  it,  coiMtitvtt  tW 
boiler,  as  shown  at  E  E  e.  The  flames  and  bmt«d  air 
from  the  furnace,  atler  ascending  by  the  action  oflWbtt- 
lows,  enter  a  long  tortuous  flue,  which  uiakeit  three  ti 
in  the  entire  length  of  the  hnrixontal  boiler, 
finally  at  the  chimney.  The  fuel  in  the  furnace  ka*,  tWrv- 
fore,  a  direct  action  upon  the  water  surrounding  it,iMl 
the  water  in  the  long  cylinder  is  operated  upon  by  the 
in  the  flue,  which  gradually  tapers  from  the 
to  the  chimney,  and  has  a  constant  inclination  doimvird. 
This  part  of  the  arrangement  seems  to  be  good,  as  m§mi 
ing  convenient  mean^  of  cleansing  the  flaea  of  aay  iovl 
that  may  deposit  itself  in  them,  which,  it  is  pre«amed,aa} 
be  performed  at  any  time,  by  an  energetic  application  af 
the  blowing  machine;  and  as  the  whole  of  the  faraacr 
and  flues  is  surrounded  by  the  water  of  (he  boiler,  %%en 
can  evidently  be  very  little  of  the  heat  from  the  fuel  Hit- 
applied.  Notwithstanding  Iheiie  important  advaaUifHi 
we  are  inclined  to  believe  that  the  boiler  will  not  «4afi4 
the  test  of  experience;  we  suspect  ihut  the  boiler  ^^'H  W 


frequently  "burnt  out/*  in  those   places  where  a  audden 
liirii  in  the  flue  causes  the  air  to  impinge  in  greater  quan- 
tity or  force  than  on  the  surrounding  portions.     Sevf^ral 
failures  of  the  boiler  have  already  taken  place  near  the 
finnge  «,  where  the  ascending  current  of  the  concentrated 
/beat  of  the  furnace  first  impinges  with  great  force.  Should 
rthe  pumps  happen  to  fail  temporarily  in  supplying  the  re- 
f^uisite   quantity  of  water,   (which   is  not  of  unfrequenl 
'Occurrence,)  and  that  part  of  the  boiler  become  unco\ered 
'With  the  fluid,  it  would  instantly  be  made   red   hot,  and  a 
Tenewed  supply  of  water  afterwards  would  almost  infal- 
libly cause  a  violent  explosion  of  the  boiler,  by  the  sud- 
den  generation  of  very   high  steam.      The   great  steam 
tehaniber  A,  is  also  a  source  of  great  danger,  by  its  inca- 
pacity to  withstand  any  sudden  increase  of  force.    Indeed, 
lire  are  of  opinion    that  all   boilers   having  large  steam 
ichambers  exposed  to  great  variations  of  temperature  and 
the  force  of  steam,  are  unsuited  to  high-pressure  engines, 
pnd  especially  those  employed   for  locomotive  purposes, 
for  evident  reasons. 

In  the  first  experiment  made  with  this  engine,  no  load 

Cras  attached  to  it,  and  it  is  stated  to  have  darted  off  at  a 
elocity  of  twenty-i'is^'t  miles  per  hour,  and  that  one  mile 
fras  performed  in  the  space  of  one  minute  and  fifty-three 
JKconds.  Such  an  unexpected  and  extraordinary  velocity 
ieemed  to  promise  ultimate  success  in  obtaining  the  prize, 
but  the  final  result  proved  otherwise,  by  the  engine  being 
but  out  of  order  in  the  effort.  On  the  following  day, 
■*The  Novelty"  was  tried  with  three  times  its  own  weight 
attached,  which,  it  is  said,  it  drew  at  the  rate  of  twenty 
Biilcs  and  a  half  per  hour;  but  the  authenticity  of  thia 
statement  appears  very  doublfitf,  by  its  emanating  from  a 
partisan,  and  being  uitaccompanied  by  any  particulars  as 
to  time  and  distance. 

On  the  third  day  (Oct. 8)  of  the  contest,  "The  Rocket" 
of  Mr.  Stephenson  was  tried  in  the  precise  manner  directed 
by  the  judges  in  the  "ordeal,"  quoted  at  page  606,  and 
It  was  understood  that  this  trial  should  be  considered  de- 
cisive of  its  merits. 
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The  engine,  ivilh  iu  complement  of  water  ia  the  boiWr, 
weighing  four  tons  five  hundred  weight,  had  her  Umi 
attached  to  it  of  twelve  tons  fifteen  buDdred  wdfhl, 
making,  with  the  pennons  who  rode,  upwards  ofwvcalcca 
tons.  The  journey  was  one  mile  and  a  half  each  way,witka 
additional  length  of  two  hundred  and  twenty  yardiatttd 
end,  to  stop  the  engine,  or  to  get  up  the  speed.  The  list 
experiment  was  for  thirty-fire  miles,  or  twenty  aochtfipi 
of  one  mile  and  three  quarters  each,  which  '*  The  Rocbi'* 
performed,  including  all  the  stoppages,  in  three  honreM^ 
ten  minutes,  which  was  upwards  of  elercn  milca  per  ho«r. 
After  this,  a  fresh  supply  of  water  was  taketi  in,  mhkk 
occupied  sixteen  minutes,  when  the  engine  again  Klartcd, 
and  ran  the  thirty-five  miles,  including  all  sfoppag«i|  ii 
two  hours  and  Ofly-lwo  minutes,  which  is  opirftnAi  of 
twelve  miles  in  an  hour^  including  all  stoppa^n^.  TW 
speed  of  the  engine  over  the  ground,  with  ihm  procriM 
load,  was  frequently  eighteen  miles  per  hour,  ud  OCM' 
sionally  upwards  of  twenty.  The  whole  perfonnaact 
was  considerably  greater  than  was  required  by  the  ibpa» 
lations,  or  than  had  hitherto  been  accompliiihed  byakKO* 
motive  engine. 

^^  The  Novelty^*  was  the  next  engine  thai  nndertoM 
the  appointed  task,  but  owing  to  some  derangemeot  lai- 
ing  occurred  in  her  machinery,  she  was  obliged  to  9taf 
almost  at  the  commencement  of  the  task  assigned. 

On  the  9th  of  October  (fourth  day  of  the  cootertKi 
public  notice  appeared  from  Messrs.  Braathwaitc  &d 
Ericsson,  stating,  that  in  consequence  of  the  aUermti— 
made  in  the  conditions  of  the  competition,  the  tnal  s( 
their  engine  in  the  manner  prescribed  by  the  new  "or* 
dear*  had,  with  the  approbation  of  thejud^e«,  beefl  de- 
ferred to  the  following  day:  no  trial,  thereforv*,  tmJk 
place  on  that  day.  This  indulgence  to  Mrwr«.  Brailh- 
waitc  and  Ericsson,  on  the  part  of  the  judges,  was  ptHfk 
and  liberal,  and  evinced  a  spirit  of  fairness  which  niilii<| 
could  gainsay ;  for  it  must  be  evident  to  every  body  vU 
reads  the  "  ordeal'*  in  question,  that  the  terms  of  it  tt*M 
form  no  ground  of  excuse  for  deferring  the  trial,  and  vf 
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hence  infer  the  probability  of  ihe  machinery  of  The 
fovelty"  having  been  out  of  order. 
On  the  10th  of  October  (the  fifth  day  of  the  contest), 
The  Novelty"  was  again  weighed,  and  its  load  assigned. 


he 


fifty-foui 


from  the 


steam  was  got  u| 
oi  lighting  the  (ire,  when,  upon  starting  on  the  first  trip, 
something  gave  way,  which  it  was  necesisary  to  have  re- 
paired; this  was  done  in  the  course  of  the  day,  and  during 
the  lime  so  occupied,  Mr.  Stephenson*s  engine,  ''The 
Rocket,"  without  any  of  the  train  or  the  tender,  was  run 
twice  down  the  course  and  back,  making  seven  miles. 
Thus  "stripped  for  the  race,"  *' The  Rocket'*  performed 
the  seven  miles,  including  the  stoppages  at  each  of  the 
four  trips,  in  the  short  period  of  fourteen  minutes  and 
fourteen  seconds,  which  is  at  the  rate  of  thirty  miles  the 
hour;  and  making  allowance  for  the  stoppages^  the  seven 
toiles  may  be  considered  to  have  been  performed  at  the 
tate  of  at  least  thirty-five  miles  the  hour^  which  is  much 
more  than  any  performances,  even  for  a  shorter  period,  by 
any  other  carriage. 

t  After  this  extraordinary  performance,  Messrs.  Braith- 
aite  and  Ericsson  exercised  their  carriage  for  the  grati- 
fication of  the  spectators,  who  were  extremely  numerous, 
and  not  (as  they  stated)  with  a  view  to  a  decisive  exhibi- 
tion of  its  powers;  but  the  utmost  velocity  "The  Novelty" 
attained,  without  stoppages,  fell  very  far  short  of  tho 
speed  exhibited  by  "  The  Rocket,"  including  stoppages. 

On  the  sixth  day  of  the  contest  (Oct,  13),  Mr.  Hack- 
|^orth*s  engine,  "  The  Sans  Pareil,"  was  pronounced  to  be 
ready  for  the  "ordeal.'*  On  weighing  it,  it  was  found 
to  exceed  the  weight  of  six  tons,  limited  in  the  published 
f stipulations  and  conditions;"  it  could  not,  under  this 
circumstance,  become  entitled  to  the  prize,  even  if  its 
performance  should  exceed  the  others  in  its  experimental 
trials,  but  it  was  allowed  to  undertake  the  seventy  miles, 
with  three  times  its  weight  attached  to  it.  It  soon  became 
manifest  that  the  engine  was  of  a  very  elFicient  kind.  For 
two  hours,  "The  Sans  Pareil*'  kept  going  with  great  re- 
gularity, with   its  prodigious    load  of   twentv-five  torn 


618 


ACCOUNT  OP  THE  MAKCHEITBK 


altogether,  and  in  that  time  performed  twonly^five  aitof 
including  all  stoppages  at  the  ends  of  the  line,  which 
at  the  rate  of  twelve  miles  and  u  half  per  hour.  1o 
middle  of  the  line,  when  its  average  speed  w»8  obtaiac^ 
the  performance  ivaa  at  the  rate  of  about  fifteen  mila  Ihr 
hour.  While  thus  proceeding  so  satisfactorily,  dim  gflW 
feed-pipes  burst,  which  rendered  it  incapable  of  p 
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The  engraving  represents  aside  elevation  of  the  engine 
and  its  tender,  on  the  scale  of  u  quarter  of  an  Inch  to 
the  foot,  which  is  the  same  as  "  The  Rocket.'*  The  arrange- 
ment of  the  furnace,  boiler,  and  flue,  is  shewn  in  the  sub- 
joined diagram; 


a  being  the  furnace,  6  6  the  flue,  or  ttibc,  Ihrough  the 
boiler,  and  c  the  chimney.  The  boiler  is  of  the  kind  pa- 
tented by  Trevithick,  as  far  back  us  1804,  and  is  unques- 
tionably calculated  to  economise  heat,  as  the  furnace  and 
flue  are  completely  surrounded  by  the  water  in  the  boiler, 
as  represented  at  o  o  o  o.  D  represents  one  of  the  two 
working  cylinders,  the  pistons  of  which  net,  through  the 
medium  of  connecting  rods  (which  operate  as  cranks),  upon 
tbe  hind  pair  of  the  running  wheels  ;  and  the  motion  of  the 
latter  is  communicated  to  the  fore  wheels  by  horizontal 
connecting  rods  E,  causing  both  pair  of  wheels  to  revolve 
together,  by  the  direct  power  of  the  engine  ;  G  is  a  pipe  for 
conveying  the  waste  steam  into  the  chimney.  The  mode 
of  communicating  the  power  of  the  engine  to  both  pair  of 
wheels,  must,  we  think,  be  attended  with  the  important 
advantage  of  obtaining  more  adhesion  to  the  rails,  and  con* 
sequently  of  enabling  it  to  draw  a  greater  load. 

On  the  7th  day,  it  was  appointed  that  a  decisive  trial 
should  be  made  of  "The  Novelty,"  which  had  been  re- 
peatedly deferred,  owing  to  the  derangement  of  some  part 
of  the  machinery.  It  was  stated,  on  the  part  of  Messrs. 
Brailhwaite  and  Ericsson,  that  a  tVesh  pipe  had  been 
substituted  for  the  one  which  failed  on  tKe  preceding  trial; 
aiid  ^*  one  or  two  other  parts  of  the  mnchinery,  that  were 
in  a  faulty  state,  had  been  renovated;^'  biU  the  engine, 
with  the  exception  of  ?onie  of  the  tlanges  of  the  boiler 
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being;  rather  gretfty  wa^  pronounced  in  m  working  fUlr. 
The  load  assi^^ned  l<>  ii  by  the  judges  «viu  tbuncalcQUlr^r— 

mm  nm-r^^ 

>Vei|;lit  of  the  engine,  wilttout  any  water  or  (utX    %     %>    9    9 

DimIucI  for  weight  of  tank  and  coke  bukcts,  and  iIm* 
((uaiitity  of  water  and  fuel  «iefm«(l  necfssafy  Ibr  ■ 
journey  of  thirty-five  Diile* U     IC    I    « 


^el  weight  of  the  Novelty**  working  poweryCxclorivc  of 

the  water,  fuel,  lank.  &c I     18    S  l» 

y  by  a 

Given  weight  to  be  drawn,  dropping  the  fractiooal  itarta  6     If    d   « 

The  engine  now  iitarted  to  perform  the  seventy  miles  Cor 
a  continuance;  but,  just  as  it  had  coiuplet(*d  its  a«c4^^ 
trip  of  three  miles,  another  derangement  ot*  the  boiler  t<^^| 
place,  which  obliged  it  lo  stop ;  and  it  becoming  cridenl  ta 
the  proprietors  that  the  machinery  of  ^^  The  Norelty**  wu 
too  inefTicient  to  proceed  in  the  contet!it|  they  guve  noiier 
to  the  judges  that  they  would  withdraw  their  engine  fro* 
any  further  trial,  and  leave  it  to  be  judged  by  the  perfof' 
mances  it  had  already  exhibited. 

After  this  occurrence,  Mr.  BurstalTs  engine,  "The  Per- 
severance** which  had  met  with  some  injury  in  ib*  joanwy 
from  Edinburgh  to  Liverpool,  but  had  U'vn  »ina>  r^ 
paired,  was  put  lu  the  '^ordeal  ;*'  but  (he  utmost  jpcti  it 
attained  was  not  more  than  five  ur  nix  miles  »n  hour,  owtag 
to  some  derangement  of  IIa  parU.  The  mechanical  com- 
binations in  the  machine  are  nearly  similar  to  that  de- 
scribed at  page  522. 

The  course  was  thus  left  clear  to  Mr.  Stephenaon,  lo  re- 
ceive the  fairly-won  prize  of  jC:>00,  for  the  prodiictioa  of 
the  best  locomotive  steam  engine  hitherto  constructed  fmt 
railways.  The  intrinsic  value  of  the  prize  is,  however,  of 
trifling  consideration,  when  compared  with  that  of  e*tab- 
lifihing  bis  reputation  as  an  engineer  on  such  a  high  an4l 
firm  baftis.  The  orders  for  all  or  the  greater  part  of  iJm 
engines,  he  will  necessarily  execute,  and  mot«t  likely,  by  hm 
experience  and  talent,  continue  to  improve  them,  *o  as  to 
take  the  lead  in  this  important  branch  of  mccbauics. 
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III  the  list  of  the  rival  machines  given  at  page  113,  is  in- 
cluded the  *^  Cyclopede,"  constructed  by  Mr.  Braiidreth,  of 
Liverpool ;  but,  on  account  of  {is  not  being  propelled  by 
the  power  mentioned  in  the  "stipulations  and  condi- 
tions,*' it  could  not  be  considered  ub  entering  the  littts  for 
the  prize  therein  proposed  ;  it  was,  however,  an  infjuiry 
well  worth  the  investigation,  what  degree  of  power  horsen 
could  exert,  in  a  locomotive  machine  of  the  kind,  and 
thereby  determine  its  comparative  economy,  with  that  of 
steanB.  The  inventor,  Mr.  Thomas  8haw  Brandreth,  of 
Liverpool,  barrister-al-law,  took  out  a  patent  for  this 
machine,  on  the  9th  of  September,  1829;  a  side  elevation 
and  plan  of  which  are  given  in  the  subjoined  figures. 


(B'lG.  1.) 


(Brandreths  Patent  Cydopede.   182y.) 
(FIG.  2 J 
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It  coWBiuto  iaao  endless  chain  aaa^  made  of  plattb, 
aamckMiia  hall  thick,  and  four  inches  M'ide,  extttd- 
iagftcnMs  th«  bed  of  the  carriage,  attached  at  their  eztremi* 
ties  loriipei^ and  carried  over  a  drum  6  &,  at  each  end  ofthe 
«3UTtaige,  9%  vhewii  in  the  plan  at  fig.  2.  To  stren^hr* 
these  croES  pieces,  and  to  prevent  one  of  them  from  slipping 
4mmm  bfif  ita»l^  a  cleat  c  c,  is  nailed  on  the  end  of  etehy 
WiA  exiBMb  ^tf  M  ay  across  those  next  to  it  on  each  nde; 
llbe  pttttttott  of  these,  a»  they  pass  over  the  drums  b  6,  will 
b«5tftbo«  tMr  extent  and  attachments.  The  chain  pkt- 
IbrM  »Mipportedon  a  series  of  anti-friction  rollers  e«« 
TW  hor»e  b  yoked  to  the  frame,  and  by  treading  on 
aMVettUrfiatfem,  drives  it  round,  by  which  the  drums 
are  manib^  to  revolve,  and  through  the  medium  of  the  sp 
wkerks  sWwtt  in  the  plan,  puts  in  motion  the  carrii 
wMotfc.  T«^  sets  of  spur  gear  are  provided,  one  at  eaci 
e»d  of  llio  Ar««i,  so  that  either  may  be  put  in  action 
at  pleasun^^  and  be  adjusted  according  to  the  nature  of 
the  road,  whether  in  ascents,  descents,  or  on  horizontil 
piane^  the  ^pet^l  or  power  being  duly  proportioned  to 
the  plane  o|>erated  upon;  ra  represent  the  rope  which 
is  ntiuched  to  the  endless  chain,  and  w  Wy  the  rail-way. 

It  uill  be  obeerved  that  by  this  arrangement  the  horse 
employed  to  propel  the  carriage  is  carried  along  with  i 
and  thus  a  velocity  of  motion  is  produced  in  the  machia 
far  beyond  the  limits  at  which  a  horse  can  exert  his  power. 
Now  as  it  has  boen  ascertained  that  the  resistance  from 
lion  on  a  level  railway  does  not  increase  with  an  incre; 
of  speed,  it  fallows  that  in  many  cases  much  advanta 
might  he  obtained,  by  an  increase  of  velocity  greatly  € 
ceeding  that  at  which  a  horse  could  exert  his  power, 
even  travtl  on  the  roady  without  exerting  any  power  of  /ra 
tioH,  The  principal  objection  raised  against  this  plan, 
that  the  horse  has  to  carry  his  own  weight ;  but  this  o 
jection  cftuully  applies  to  the  locomotive  steam  engto 
'^Thc  Cyclopede*'  weighed  three  tons,  of  which  the  ho 
probably  made  half  n  ton  ;  therefore,  one-horse  pov 
weighs  half  a  ton.  "The  Sans  Pareil"  weighed  six  tow 
from  which  if  we   deduct  two  Ions  for  the  weight  of 
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carriage  framo  and  wheels,  it   leaves  four  tons  for  the 

engine,  boiler,  water,  fuel,  Sic.  which  must  be  pretty  near 
the  truth;  therefore,  if  the  bteani  power  produced  in  the 
Sans  Pareil  was  not  more  than  equivalent  to  the  force  of 
tmction  of  eight  horses,  no  advantage  was  gained  thereby; 
unless  it  can  be  shewn  that  the  cost  of  fuel,  the  wear  and 
tear  of  machinery,  interest  of  money  of  first  cost,  Sic.  of 
the  Sans  Pareil,  was  not  eight  times  the  cost  of  the  keep* 
ing  the  horse,  &c.  of  the  Cyclopede,  The  next  point  of 
inquiry  seems  to  be,  whether  the  Sans  Pareil  did  exert 
a  power  of  more  than  eight  horses,  in  drawing  twenty-five 
tons  weight  along  the  rail-way.  To  ascertain  this  fact,  the 
resistance  of  the  raiUway  to  the  load  moving  thereon  must 
be  known  ;  without  ii  knowledge  of  which,  it  would  be 
useless  to  enter  into  the  inquiry.  In  the  absence  of  cor- 
rect data,  we  are  inclined  to  believe  that  not  four  horses' 
power  was  exhibited  by  "The  Sans  Pareil,"  and  conse- 
quently that  the  application  of  horse  power,  in  the  manner 
proposed  by  Mr.  Brandreth,  is  well  deserving  of  a  careful 
trial. 

The  trial  made  on  the  Liverpool  Railway,  with  this 
machine,  was  however  far  from  successful ;  a  speed  of  only 
five  or  six  miles  an  hour  being  obtained ;  an  eye-witness 
informs  us  that  "  the  principle  had  not  fair  play,'*  that 
''the  apparatus  was  of  very  rude  construction,"  and  the 
horses  (two  being  employed  with  two  endless  chains,  and 
not  one,  as  before  described,)  had  not  room  to  exert  them- 
selves,  owing  to  the  stalls  in  which  they  worked  being 
made  too  sni;ill.  We  are  far  from  thinking  that  a  very 
convenient  and  useful  machine  may  not  be  made  on  the 
principle  herein  developed. 

Another  method  ofemploying  the  power  of  horses,  in  mov- 
ing rail-way  carriages,  in  which  iheanimalgivingthe  power 
was  supported,  was  invented  by  Mr.  Snowden,  ubout  five 
years  ago,  which  we  shall  describe,  after  having  concluded 
our  account  of  the  Manchester  and   Liverpool  Rail-way. 

**^The  peculiarity  of  the  exhibition  in  the  several  days  of 
trial,"  (Mr,  Booth  observes),  "attracted  a  large  concourse 
of  spectators,  and  the  uiiexample<l  s|>eed  of  the  Novelty 
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and   the  Rocket,  excited    universal   surprise  and  adiBi- 
tation. 

'^  The  trial  of  these  eDgines,(he  cou(inues)may  be  regarded 
as  constituting  a  new  epoch  in  the  proo^reits  of  mechanical 
science,  as  relating  to  locomotion.  The  most  &au«uia€ 
advocates  of  travelling  engines  had  not  anticipated  a 
speed  of  more  than  ten  or  twelve  miles  per  hour.  It  wu 
altogether  a  new  spectacle,  to  behold  a  carriage  crowded 
with  company,  attached  to  a  self-moving   machine,  aad 

hirled  along  at  the  rate  of  thirty  miles  per  hour/* 

Extraordinary  and  brilliant  as  the  results  undoubtedly 
were,  there  is  not,  we  think,  any  just  cause  for  surprise, in 
the  power  of  the  engiues,  which  at  most  did  not  exceed 
fuur  horses ;  the  velocity  acquired  may  rather  be  attributed 
to  the  excellence  of  the  railway,  which  requires  so  snull 
a  comparative  force,  to  move  a  given  weight  thereon. 
Greater  velocity  of  motion  than  that  obtained  is  scarcely 
desirable,  but  we  make  no  doubt  that  ere  long  such  im- 
provements will  be  made  in  the  engines,  tending  to  reduce 
the  friction  of  the  moving  parts,  augment  the  production 
of  steam,  and  apply  it  more  economically,  that  the  effective 
power  hitherto  exhibited  will  be  considerably  increased. 
A  limit  to  the  power  of  draught,  obtained  by  the  force  of 
the  engine,  is  made  by  the  want  of  adhesiveness  of  ibe 
wheels  of  the  engine  carriage  to  the  railway;  and  tlii^ 
limit  cannot  be  extei>ded  without  increasing  the  weight 
of  the  engine  carriage;  unless,  indeed,  the  railway  company 
were  to  introduce  Mr.  W.  H.  James's  plan  of  communicat* 
ing  the  power  of  the  engine  to  some  of  the  carriages  of 
the  train,  described  at  page  588.  A  great  advantage  would, 
wc  think,  result  from  the  application  of  Mr.  Jameses  appt* 
ratus,  as  that  would  save  the  rails  from  being  purttallv 
and  injuriously  loaded  with  unnecessarily  heavy  aod 
cumbersome  engines. 

Titc  question  between  locomotive  and  fixed  engioai 
was  practically  settled  by  the  trials  at  Rainhill.  The  fil- 
ness  of  locomotives  for  travelling  at  almost  any  jtpecd 
that  could  be  desired,  was  strikingly  exemplified  ;  and  tbt 
iinportauce  of  this  circumstance  was  duly  cstiuiuted,  the 
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conveyance  of  pas>)engers  between  Liverpool  and  Man- 
chester, having  l«>ng  been  considered  a  valuable  branch  of 
the  undertaking.  There  still  remained  one  point  to  be 
settled,  viz,  the  kind  of  power  to  be  employed  in  ascending 
the  inclined  planes  of  Whiston  and  Sutton.  These  planes 
are  each  a  mile  and  a  half  long,  with  an  inclination  of 
three  eighths  of  an  inch  to  the  yard,  being  a  rise  of  one  in 
ninety-six.  Stationary  engines  on  the  summit,  with  ropes 
pafising  over  sheaves  or  pulleys  along  the  whole  ascent, 
are  the  means  resorted  to,  at  the  inclined  piano  in  the 
Liverpool  Tunnel,  also  on  the  Darlington  inclined  planes, 
and  at  the  Collieries  in  the  North.  It  was  quite  evident, 
however,  that  such  a  plan  of  operations,  in  the  centre  of  the 
Liverpool  and  Manchester  line,  with  the  interruption  to 
be  expected  from  a  chuftge  in  the  moving  power,  to  say 
nothing  of  the  danger  always  to  be  apprehended  from  a 
system  of  ropes  and  pulleys,  was  to  be  avoided,  if  possible. 
It  became  an  object,  therefore,  of  no  small  interest,  to  as- 
certain the  power  of  the  new  locomotives  on  the  planes  in 
question;  and  in  the  first  place,  as  the  effective  power  of 
the  engine  is  necessarily  limited  by  the  adhesion  of  the 
wheels  on  the  rails,  (inasmuch  as  if  a  force  be  exerted  be- 
yond that  point,  the  wheels  will  turn  round,  while  the 
carriage  will  remain  stationary,)  it  was  important  to  know 
whether  this  dil!iculty  was  likely  to  occur  on  the  planes 
in  question.  It  has  been  ascertained  that  the  adhesion  of 
the  engine  wheels  (as  now  constructed  with  wroughl-iron 
tires)  on  wrought-iron  rails,  is  equal  to  one-twentit?th  of 
the  weight  of  the  machine,  in  the  most  unfavourable  state 
of  the  rails.  If  the  engine  weigh  four  tons  and  a  half,  the 
adhesion  on  the  four  wheels  would  be  one-twenlielh  of 
that  weight,  or  about  five  hundred  pounds;  or  supposing, 
which  is  frequently  the  case,  that  the  machinery  is  only 
connected  with  two  wheels,  then,  if  the  weight  be  equally 
divided,  the  adhesion  will  he  two  hundred  and  fifty  pounds; 
which,  muhiplied  by  two  hundred,  the/nc/iow  being  only 
one-two  hundreth  of  the  gravity  of  the  load,  commensu- 
rate with  the  adhesion,  in  ihe  most  favourable  state  of  the 
rails,  about    forty   tons   being    the    adhesive   load    in  an 
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average  state  of  the  rails.  Now  ihetic  being  the  data,  aa 
inclined  plane,  risini^  one  yard  iu  a  hundred,  will  pr«MHll 
no  impediment  on  the  ground  of  adhesion,  provide  tht 
system  be  to  maintain  the  same  speed  ibrouxbool  Cbtt 
journey  ;  for  supposine:,  as  above,  that  the  adbesiiMi  «f  ibi 
engine  wheels  on  the  level,  be  equal  totwohuudriMittadfifty 
pounds,  it  will  be  the  same  on  the  inclined,  miniMOtt^ 
hundreih  part,  (two  and  a  half  pounds),  u  diflercoca  m 
small  as  to  occur  every  day,  in  the  var)ing  stales  of  lb* 
rails,  and  quite  unnecessary  to  be  taken  into  ibc  caJcula* 
tion.  The  question  to  he  decided,  therefore,  wag,  tbcpoiwr 
of  the  engine  to  take  a  load  up  the  inclined  plBne,  ikt 
adhesion  being  equal  to  the  power,  at  similar  sptfMk;  im 
instance,  seven  tons  on  an  inclined  plane,  risia^  oneiaM^ 
hundred,  is  a  proportionate  loud  to  thirty  tons  oa  m  Wv^PI 
at  lifteen  miles  per  hour,  the  weight  of  the  eogiae  bcHf 
four  and  a  half  tons,  as  explained  hereafter  ;  but  if  it  h* 
attempted  to  take  thirty  tons  up  the  plane,  \>f  goiug  pro* 
portionatoly  slotver,  the  power  of  the  eogine  atghl  io 
this,  but  the  adhesion  of  the  whoeU  would  \>c  inaiiiifiif, 
and  they  would  turn  round,  while  the  engine  atOodatiU) 
because  thirty  tons  on  the  inclined  plane  arc  equal  to  oUMif* 
nine  on  a  level,  and  we  have  supposed  the  adho^oo  to  bt 
equal  to  forty  tons  on  n  level.  It  toUows,  thrreforCf  eitbtf 
that  the  engine  must  be  worked  below  the  adbcaavcimial 
the  wheels  on  the  level,  or  the  proportionate  load  camoC 
be  increased  by  diminishing  the  speed  on  the  hicliaari 
plane* 


Dttring  the  trials  at  Rainhill,  in  October   ia^i,  ^ 
Rocket'*  frequently  ascended  the  Whiston  inc 
with  a  carriage  holding  from  twenty  to  thirty 
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at  a  speed  of  from  fifteen  to  eighteen  miloi  per  hour ;  and 
the  ease  and  regularity  with  which  this  was  cflfccti^,  prv* 
dnced  a  general  impression,  that  even  up  inclined  plain 
(he  locomotive  engine  would  be  the  power  employed.  Lh 
deed,  the  feeling  at  (he  moment  was  rery  prevalent,  that 
it  was  immaterial  whether  the  engine  travelled  Ofi  ••!»• 
dined  plane,  or  on  a  lovcl ;  but  subsequent  cxperiaiaiti 
have  fully  established,  what  it  would  have  bcco  only 
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sonable  to  assume,  a  priori^  that  the  power  of  an  engine 
diminishes  in  proportion  to  the  degree  iii  which  the  plane 
is  inclined,  till  it  reaches  a  point  when,  adhesion  termina- 
ting, the  wheeU  turn  round  without  advancing,  and  that, 
therefore,  without  assistance  of  some  sort,  ascending  such 
inclines  as  those  of  Whiston  and  Sutton,  an  engine  must 
either  ^q  at  a  less  speed,  or  draw  a  less  weight.  For  ex-* 
ample,  "The  Comet"  locomotive,  a  new  engine,  on  the 
same  plan  as  "The  Rocket,'*  ascended  the  Whiston  in- 
clined plane,  with  about  twenty-six  tons  behind  her,  with 
a  speed  diminishing  from  the  rate  of  between  sixteen  and 
eighteen  miles  at  the  commenccnu>nt,  to  about  three  or 
four  miles  per  hour,  before  she  reached  the  top.  But  it 
would  be  quite  eiToneous  from  lliesc  duln,  to  take  the 
average  between  three  and  eighteen,  and  to  infer  that  the 
power  of  the  engine  was  equal  to  convey  n  load  of  twenty- 
six  tons  up  an  inclination  of  one  in  ninety-six,  at  ten  miles 
and  a  half  per  hour;  her  real  power,  estimated  in  a  conti- 
nuing speed  with  the  above  load,  being  only  three  or  four 
miles,  or  proportionate  to  about  seven  tons  up  the  samo 
plane,  at  fifteen  miles  per  hour.* 

On  the  I4th  of  June,  of  the  present  year,  an  experiment 
was  made,  as  a  preliminary  measure  to  a  general  opening, 
well  calculated  to  exhibit  the  peculiar  character  of  rail- 
way conveyance,  and  to  put  to  the  test  the  capabilities  o. 
the  locomotive  engine,  both  on  a  It^vel  and  up  inclines 
On  this  occasion  the  directors,  in  two  carriages,  proceeded 
on  a  journey  of  inspection,  from  Liverpool  to  MancheiUei; 
and  back.  "  The  Arrow,"  another  of  Mr.  Stephenson  a 
engines,  was  the  proving  power.  Tho  gross  weight  drawn 
was  about  thirty-three  tons,  consisting  as  follows: — 


*  It  is  worthy  of  remark,  in  connexion  witli  tiiis  brant'h  of  Ihc  sub- 
ject, (hilt,  in  con<<ifloriiig  the  soctiuji  for  m  proposed  rail,  way,  the  length 
of  the  inclined  pUnci  RhotiUl  be  taken  into  the  arconnr,  an  well  ai  the 
■leepnesg  of  the  accent;  Aincv,  on  a  [»l»ne  half  a  niilb  lo^Rt  it  U  evl> 
dent  much  more  may  be  accompliBhed,  than  on  one  throe  or  four  (iniei 
that  length. 

27.  4  L 
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Rlone,  in  seven  waggons SO 

AVHght  of  waggons .■..•<•.....•.•••••«••«  7 

Engine-tender  and  six  persom    ...^ 3 

Two  carriages  and  twenty  pernons    t 

With  t1ii»  load,  she  travelled  from  the  engine-house,  Li- 
verpool, to  Old  Field-lane  Bridp^e,SaIford,  Manchester, the 
distance  being  uLjuut  twenty-nine  mile^,  in  two  hours  snd 
twenty-five  minutes,  inchtdihi;;  two  stoppages  to  take  in 
water.  Up  the  Whiston  inclined  plane  she  was  a<^isliHi 
by  "The  Dart,'*  an  engine  of  similar  construction  anil 
power;  and  the  first  quarter  of  a  mile  of  the  ascent  w>« 
accomplished  at  a  speed  of  seventeen  miles  per  hour,  be- 
fore the  aumtnit  was  gaine<l,  the  mile  and  a  half  heh^ 
accomplished  In  twelve  minutes;  the  average  speed  b^in<; 
therefore  seven  miles  and  a  half  per  hour.  At  the  topjL^ 
the  ascent  the  ^'  Dart''  was  unyoked,  and  the  '^  Arrt^^H 
proceeded,  with  her  cargo,  along  the  straight  and  Inrf 
plane  at  Rainhill,  at  the  rate  of  sixteen  miles  an  hour. 
On  the  return  from  Manchester,  the  engine- lender,  and 
the  two  carriages  with  passengers,  constituted  the  whole 
load  drawn.  The  first  nine  miles  and  a  quarter,  from 
Old  Field-lane  Bridge  to  Glazebrook  Bridge,  including 
the  Chat-nv3ss  district,  were  accomplished  at  a  speed  aver- 
aging from  nineteen  to  twenty  miles  per  hour.  The  whole 
distance  ivas  accomplished  in  one  hour  and  forty-six  mi- 
nutes, including  stoppages,  the  speed  generally  varvinji; 
from  eighteen  to  twenty-five  miles  and  upwards  per  hoar, 
nnd  the  engine  not  working  to  her  full  power  a  great  por- 
tion of  the  way.  The  speed  of  the  Sutton  inclined  plane 
(without  any  assistant  engine)  averaged  more  than  fiAeen 
miles  per  hour.  The  day  was  wet,  and  the  rails  in  sonir 
places  very  dirty;  the  whole  performance,  therefore,  look 
place  under  circumstances  by  no  means  favourable,  but 
the  result  was  highly  satisfactory. 

Perhaps  the   most  striking  result  produced  by  the  com- 
pletion  uf  this  rail-way,  ia  the  sudden  and   marrellotti 


change  wliich  Una  been  effected  in  our  ideas  of  time  and 
space.  Nottoiiij  which  we  have  received  from  our  ances- 
iovHf  and  verified  by  our  own  experience,  are  overthrown 
in  a  day,  and  a  new  standard  erected,  by  which  to  form 
our  ideas  for  the  future;  speed,  despatch,  distance,  are 
still  relnlive  terms,  but  their  meaning  has  been  totally 
changed  within  a  few  months:  what  was  quick,  is  now 
slow;  what  was  distant,  is  now  near;  and  this  change  in 
our  ideas  will  not  be  limited  to  the  environs  of  Liverpool 
and  Manchester,  it  will  pervade  society  at  large.  A  tran- 
sition in  our  accustomed  rate  of  travelling,  from  eight  to 
ten  miles  per  hour  to  fifteen  or  twenty  (not  to  mention 
higher  speeds),  gives  a  new  character  to  the  whole  in- 
ternal trade  and  commerce  of  the  country.  A  saving  of 
time,  is  a  saving  of  money.  For  the  purposes  of  locomo 
lion,  about  half  the  number  of  carriages  will  sufBce,  for 
the  aggregate  travelling,  or  transit  of  goods,  may  be 
doubled,  or  more  than  doubled,  without  any  additional 
expense  to  the  community.  The  traveller  will  live  double 
times;  by  accomplishing  a  prescribed  distance  in  five 
hours,  which  used  to  require  ten^  he  will  have  the  other 
five  at  his  own  disposal.  The  man  of  business  in  Man- 
chester will  breakfast  at  home,  proceed  to  Liverpool  by 
the  railway,  transact  his  business,  and  return  to  Manches- 
ter to  dine.  A  hard  day^s  journey  is  thus  converted 
into  a  morning*s  excursion. 

It  has  been  well  observed  in  our  public  journals,  that 
Manchester  is  thus  brought  as  near  to  Liverpool,  as  the 
east  to  the  west  end  of  London ;  whether  we  estimate 
vicinity  by  the  cost  of  conveyance,  or  the  time  not  unfre* 
quently  spent  in  effecting  it.  Gradually,  the  whole  iii#- 
ternal  traffic  of  the  country,  with  all  the  varieties  of  local 
intercourse,  will  assume  a  new  character.  Already  a  rail 
way,  on  a  grand  scale,  is  advertised,  from  London  to  Bir- 
mingham, and  from  Birmingham  to  Liverpool ;  and  thus 
is  commenced  that  grand  trunk,  which  will  unite  the  north 
and  the  south,  and  bring  into  closer  communic»tion  the 
capitals  of  England,  Scotland,  and  Ireland.  There  can 
be  no  question  that  foreign  countries  will  adopt  the  rail- 
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way  comniufiication,  as  one  great  step  in  in«>chaiiira)  i»- 
pi'ovemeiits  and  commercial  eiiterpri^te.  Franri*,  Genaavy, 
and  Aniericii,  have  nlready  their  rail-ways,  and  tb*  Pacha 
of  Egypt  may  be  expected  to  follovr  close  on  the  liccbaf 
his  brother  potentates.  The  country  of  pyramid*,  «C 
Memphis,  and  of  Thebes,  will  then  be  celebrated  fur  raB> 
ways  and  steam  carriages;  the  land  of  the  proud  Maaw* 
Itike  or  the  wandering  Arab,  of  spbynxes  aiid  mnammm^ 
will  become  the  theatre  of  mechanical  invention,  aci»»w» 
and  the  arts.  From  west  to  east,  and  from  north  toaoath, 
the  mechanical  principle,  the  philosophy  of  the  niBCle^fttb 
century,  will  extend  itself,  and  the  whole  world  will  re- 
ceive a  new  impulse. 

On  the  15th  of  September,  1830,  this  stupendooi 
was  opened  for  public  use,  before  countlens  niyi 
people  assembled  to  witness  the  show,  ccremoDjr, 
aion,  and  festivity  provided  for  the  occasion.  Etgbl  loco* 
motive  engines,  all  constructed  by  MeMra.  8l*plwaMa 
fend  Co.  of  Newcastle,  were  put  into  requisition  far  tfcii 
purpose,  viz.  the  Northumbrian,  the  Phcenix,  the  Nortk 
t»tar,  the  Dart,  the  Comet,  the  Arrow,  the  Meteor,  aarf 
the  Rocket,  which  last  is  the  identical  engine  wc  have  rv- 
centlv  described  and  referred  to,  see  page  GOB.  Muhil. 
Bruithwnite  and  Ericsson  had  also  constructed  two  mh 
j^ines  for  the  procession,  of  very  beautiful  a| 
but  as  they  proved  to  be  in  an  loefKcient  state  for 
ing,  they  were  not  employed  on  the  occasion.  The  4r* 
rangenients  made  for  the  procession  werecxcrllenl.  Kacfc 
engine  had  a  train  of  carriages,  with  distiagtualiiag  «•* 
Inum  and  ensigns,  and  every  visitor  tu  whoai  a 
assigned,  had  a  card  of  a  similar  colour,  with  & 
upon  it,  answering  to  the  number  uflixed  to  hin  wal,  by 
which  all  confusion  in  marshalling  the  company  who  ro4s 
in  the  carriages  was  avoided,  as  each  visitor  had  only  Ca 
pince  himnclf  under  the  colour  and  nuicber  reprMaatoi 
on  his  card  of  admission* 

The  Northumbrian  was  appointed  lo  take  lli«  ImU  ia 
the  procession,  drawing  a  splendid  carriage,  wppropnalvd 
Yor   the  reception  of  the  most   distinguished   individual 
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vrho  attended  the  c«^reinony.  The  (otnl  uumher  of  person. 
accommodated  with  seats  amounted  to  nearly  seven  huii- 
Jdred.  At  twenty  minutes  after  eleven  o'clock,  the  pro- 
'c(*ssion  commenced  its  progress  towards  Manchester,  the 
'Northumbrian  taking  exclusively  one  of  the  two  lines  of 
rail,  and  the  rest  of  the  engines  the  other. 

A  public  writer,  who  was  present,  eloquently  observes, 
^*'  The  brilliancy  of  the  cortige  the  novelty  of  the  sii!;ht, 
considerations  of  the  almost  boundless  advantages  of  the 
stupendous  power  about  to  be  put   in  operation,  gave  to 
the  spectacle  an  iiiterest  unparalteled.     On  every  side  the 
tumultuous  voice  of  praise  was  heard,  and  countless  thou- 
sands waved  their  hats,  to  cheer  on  the  sons  of  enterprise 
in  this  their  crowning  effort.     After  passing  Wavertree 
>Lane,  they  entered  the  deep  ravine  at  Olive  Mount,  and 
the  eye  of  the  passenger  could  scarcely  find  time  to  rest 
on  the  multitudes  that  lined  the  roads,  or  admire  the  va- 
rious bridges  thrown  across  this  great  monument  of  human 
labour.     Shortly  afterwards,  llainliitl  Bridge  was  neared, 
ond  the  inclined  plane  of  Sutton  was  ascended  at  a  slack- 
ened rate.     When   the  summit  was  gained,  twenty-four 
miles  an  hour  became  the  maximum  of  the  speed.     About 
noon,  the  procession   passed  over  Sankey  Viaduct.     The 
scene  at  this  part  was  particularly  striking.     The  fields 
below  were  occupied  by  thousands,  who  cheered  us  as  we 
passed   over  the  stupendous  edilice;  carriages  filled  the 
narrow  lanes,  and  vessels  on  the  water  had  been  detained, 
in  order  that  their  crews  might  gaze  up  at  the  gorgeous 
pageant  passing  far  above  their  mast  heads.    Shortly  after 
we  passed  the  borough  of  Newton,  and  reached  Parkside, 
seventeen    miles   from    Liverpool."       Here   the    engines 
stopped   to   tnko  in    n  supply   of  water   and    fuel.     The 
Phccnix  and  the  North  Star  having  taken   in  their  sup- 
plies, had  resumed  their  journey,  and  passed  the  North- 
umbrian, which  remained  stationary  on  the  other  line,  in 
order  that  the  whole  train  of  carriages  might   here  pass 
in  review  before  the  distinguished  company  of  the  North- 
umbrian.    Several  gentlemen  embraced  this  opportunity 
to  alight  frow  the  state-carriage,  and  were  walking  about 
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the  road  ;  among  the  number  was  the  late  Mr.  Iluskiteoi, 
member  of  ParlianieiU  for  Liverpool,  who  was  untortu- 
tately  thrown  down  by  the  Rocket  steaui  carria^^e,  M  it 
passed  by  the  Northumbrian,  the  wheels  of  the  Rocket 
passing  over  his  leg  and  thigh,  which  fractured  themio 
severely  as  to  cause  death,  a  few  hours  afterwards.  This  I 
lamentable  occurrence  threw  a  gloom  over  the  proceeding 
and  the  festivity  provided  for  the  occasion  at  Mancbeiter 
•and  Liverpool  was  refrained  from,  by  the  majority  of  tbr 
company.  The  directors  of  the  rail-way,  after  discusin); 
what  course  they  should  pursue,  under  this  distressing  cir- 
cumstance, came  to  the  resolution  that  they  had  a  duty  to 
perforin  to  the  proprietors,  which  was  to  continue  ihe 
journey  on  to  Manchester,  to  complete  the  opening  of  the 
raiUway,  according  to  public  announcement,  which  was 
accordingly  done;  the  procession  returning  to  Liverpool 
the  same  evening,  without  any  occurrence  worthy  of  par- 
ticular notice. 

On  the  Thursday  morning  after  the  opening  of  the  rail- 
way, (he  Northumbrian  left  Liverpool,  with  one  hundred 
and  thirty  passengers,  and  arrived  at  Manchester  in  odc 
hour  and  ftfiy  minutes.  In  the  evening,  it  returned  with 
one  hundred  and  twenty  passengers,  and  throe  tons  ol 
luggage,  ill  one  hour  and  forty-eight  minutes.  This  was 
the  first  Journey  performed  for  hire;  the  fare  churg«4 
was  seven  shillings  facb  person.  On  Friday,  the  17th,  six 
carriages  commenced  running  regularly  between  the  two 
towns;  one  starting  from  each  place  at  the  hours  of  seven 
in  the  morning,  twelve  at  noon,  and  four  in  the  afternoon. 
The  time  occupied  in  the  Journey  is  seldom  more  thaa 
two  hours,  and  often  less.  Since  the  date  last  mentioned, 
up  to  the  period  at  which  we  arc  now  writing  ( 10th  of 
October),  these  carriages  have,  we  are  informed,  conti- 
nued to  run  regulurly,  hringini^  in  about  .1'250  per  diem 
for  passengers  only,  which  would  alone  amount  to  the 
enoruious  sum  of  jC.9I,2oO  per  annum. 


At  page  621,  an  allusion  was  made  to  another  mode  of 
propelling  carriages,  by  horses  carried  therein,  and  we  here 
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"  The  idea  of  employing  horsca  to  impel  a  carriage*, 
travelling  and  exerting  their  strength  wiikiu  it,  seoim 
be  new, and  whatever  merit  may  belong  to  it,  iti  exclu^ivi 
due  toMr.  WiUiara  F.  Snowden,  of  Oxford-street,  who  1 
taken  out  a  patent  for  the  invention.  The  reason  aaeMi 
by  that  mechanist  for  employing  horses  in  this  pecalit 
manner  is,  that  they  cannot  exert  their  natural  stren^ 
in  any  other  way  at  present  known,  that  is,  so  as  to 
able  to  draw  or  propel  a  heavy  weight  with  an  equal  di' 
gree  of  speed.     His  argument  we  will  stale,  after  having 
described  the  wheel-way  upon  which   the  carriages  Rf^j 
proposed  to  travel.  ^H 

"  At  b  b,  is  shewn  a  vertical  cross  section  of  the  road,  in^^ 
which  an  excavation  is  made,  and  the  ground  well  rammed, 
so  as  to  lay  down,  at  stated  regular  distances,  a  series  ofcast- 
iron  frame  pieces  or  sleepers,  c  c,  (represented  in  the  figurt 
quite  black).  In  the  several  partitions  of  these  iron  sle«pen 
are  placed,  lengthwise  of  the  road,  four  lines  oftiml 
end  to  end,  uniformly  breaking  the  joints,  as  it  Is  term 
or  so  that  the  joints  in  any  one  line  shall  not  be  op] 
to  thoseof  another.  The  two  principal  rails,  those  shewntt 
d  dy  are  of  oak,  and  of  a  suflTicient  depth  to  stand  about 
three  inches  above  the  level  of  the  other  parts,  when  bed- 
ded in  the  iron  sleepers.     The  other  two  lines  of  timber 
e  c,  are  three-inch  deal  planks,  set  up  edgewi-to,  and  bolt^tl 
to  the  iron  frannng.     Resting  upon  these  deal  plankt*  and 
the  iron  partitions,  and  flush  with  the  oak  timber,  are  lairf^ 
crosswise  of  the  road,  short  pieces  of  three-inch  oak  plai 
leaving  an  open  space  or  crevice,  about  one  inch  and  a  hi 
wide  between  them.    These  short  planks  are  laid  edge 
edge,  uniformly   along  the  whole  line,   forming  with 
oak  timbers  a  regular  level  floor,  upon  very  solid  bearings, 
and  over  this  floor  is  screwed  down  a  Complete  covering  of 
wroughl-iron  plates  a  a,  as  they  come  prepared  from  (he 
rolling  mill.     Thus  is  made  a  hard,  smooth,  and  firm  sur^, 
face  for  the  wheels  of  the  carriage  to  roll  up  to 

^'  Inside  of  the  trunk  or  hollow  space,   formed  by 
wheel-uay  described,  a  small  machine,  called^  by  ih 
tentee,  his  meckankal  horse,  is  caused  lo  travel  by 
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0(1  ve  force  applied  above;  it  conalsta  of  an  iron  frame 
ork,  to  which  are  attaclied  certain   horizonlal  toothed 
heels,  revolving  upon  vertical  axles,  one  of  which  (as 
casion  may  require,)  is  put  into  g^ear  with  a  straight 
orizontal  rack,  fixed  on  either  side  to  the  deal   planks 
€j  and  extending  their  whole  length.     These  horizontal 
(hed  wheels  being  actuated  by  a  steam  engine,  or  any 
her  first  mover,  will  necessarily  cause  ''  the  mechanical 
rse,"  tq  move  forward  in  the  trunk,  over  a  space  equal  in 
glh  to  the  circumference  of  the  wheel  at  each  revolu- 
n ;    and  consequently   whatever   ia  connected    thereto 
vc  the  wheel-way,  must  go  along  with   it.     The  con- 
ion  is  eflPected  by  standards  fixed  in  the  mechanical 
,  which  pass  through  the  opening   in  the  wheel-way, 
are  attached  to  the  middle  of  the  carriage  ;  the  weight 
the  carnage  is  not  however  supported  by  the  standards, 
11  rests  entirely  upon  the  ordinary  wheels,  which  thus 
lievea  the  toothed  wheels  and  rack  of  an  immense  quan- 
ta' of  friction,  and   allows  them  to  act  freely  and  unini- 
kded  by  the  weight  above. 

{Only  two  toothed  wheeb  are  shewn  in  the  hollow  trunk 
flhc  whepl-way,  there  is  however  another,  which  cannot 
seen  in  this  view,  which,  when  put  into  gear  with  the 
posite  rack,  revei^es  the  rotary  motion,  and  causes  the 
triage  to  proceed  in  the  same  direction  ;  the  manner  in 
lich  this  is  effected   by  gearing  of  the  kind,  is  too  gene- 

tly  understood  to  need  further  description.  The  lowest 
eel  of  the  three  is  made  light,  and  without  teeth,  being 
t ployed  as  an  anti-friction  roller,  and  to  keep  the  toothed 
eel  uniformly  in  the  pitch  line  of  the  rack  ^  it  therefore 
upies  the  whole  space  between  the  two  three-inch  deals. 
n  ascending  or  descending  a  hill,  the  tloor  of  the  car- 
e  is  preserved  in  its  horizontal  position,  that  the  horses 
y  not  be  impeded  in  their  work,  by  being  placed  on  an 

f lined  plane  ;  for  this  purpose  there  are  two  elevating 
ews  8  8y  which  are  so  contrived  with  joints,  that  an  at- 
bdant,  operating  upon  one  of  them,  raises  onu  end, 
pi  depresses  the  other,  as  the  whole  body  of  the  carriage 
liade  to  turn  on  the  horizontal  shaft  /  and  u,  resting  upon 
27.  4  m 
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strong  bearings,  and  the  whole  b  bmcrd  lof«tli«ff  bytin* 
table  frame  work. 

If  a  steam  engine  were  to  be  employed  as  Iht  wacKm 
force  instead  of  horses,  all  that  would  be  re<|uisile  «o«U 
be  to  attach  to  the  vertical  shaft,  which  carrier  Ihc  Imtv 
zontal  toothed  wheel  (shown  in  gear  in  the  (ruDk,)  asfiv 
wheel  and  pinion,  and  to  connect  the  crank  of  the  Mftatl 
thereto.     Now,  if  the  strum  engine  thus  employed,  b« 
the  power  of  two  horses,  it  will  have  to  be  carried  aUNi|| 
with  the  coach,  and  its  weight  will  be  added  lherH«.  1%m 
it  is  argued,  if  it   be  desirable  to  cairry  the  steam  eagiM, 
why  not  carry  the  same  power,  in  the  form  of  homca,  whirl 
would  be  less  weight  than  all  the  apparatus  of  the  forawr: 
and  pas^enger^  generally,  it  is  presumed|  would  give  tW 
preference  to   the  company  of  horses,  as  IravelUag  com- 
panions, to  that  of  a  steam  engine  boiler.     It  »  lnte,lkat, 
as  the  horses   have  to  move  in   a  circle,  a   clear  tp^x^ 
about  sixteen  feel  wide  would  be  required  for  taek  a  car- 
riage  to  travel  in,  but  as  the  road  would  be  adapted  to  tfc# 
carriage,  that  difficulty  is  considered  to  be  obviated. 

The  patentee  calculates  the  power  of  an  average  hanss 
in  drawing  a  load  at  the  rate  of  two  and  a  half  nilai  fa 
hour,  for  four  hours  a  day,  as  equal  to  a  force  nf  abstf 
two  hundred  and  fifty  pounds,  when  drawing  in  a  «tni|fcl 
line;  if  the  speed  of  the  horse  be  doubled,  that  k,  Ive 
miles  per  hour,  the  force  he  can  apply  is  not  more  tWi 
fifty  pounds ;  and  if  it  be  increased  to  ten  miles  per  hoec, 
the  horse  can  do  no  work  whatever,  except  during  a  len 
short  space  of  time;  two  miles  and  a  half  p  r  hour  is  lh<f«- 
fore  connidored  the  most  advantageous  pace  for  a  boneta 
exert  his  strength,  in  drawing  a  burthen.  As,  luivevcr, 
the  contracted  circle  of  a  mill-walk  m  unfavourable  fm 
the  full  exertion  of  a  horse's  powers,  Mr.  Snowdett  m^ 
po^es  the  useful  effect  to  be  about  two  hundred  paw  A 
Having  got  this  available  force,  he  then  propoeaa  te»- 
crifice  three-fourths  of  it,  in  order  to  gain  an  eqotrakatli 
speed  ;  or,  in  other  words,  ten  miles  an  honr,  in  wkicfcd* 
force  applied  would  be  but  fifty  pounds  each  horse  Tka 
will  be  readily  understood,  on  referesee  to  the  lovtv 
figure  in  the  enirravinr  ^  a  n*  are  two  vokes,  (to  which  tW 
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re  attached,)  of  a  horizontal  lever,  fixed  to  the 
aiain  shaft  A,  on  which  Li  also  fixed  (cloae  to  the  floor  of  the 
carriage),  the  large  horizontal  toothed  wheel  r,  of  twelve 
feci  ill  diameter ;  the  revolution  of  the  large  wheel  i,  gives 
notion  to  the  small  pinion^*,  one  foot  in  diameter;  which 
pinion  being  on  the  same  spindle  as  the  toothed  wheel, 
three  feet  in  diameter,  of  the  '*  mechanical  horse**  (shewn 
in  ge«r  with  the  rack),  causes  it  necessarily  to  revolve  witfa 
aspped  quadruple  that  of  the  honcss  ;  or  to  pass  over  a 
space  four  times  greater  in  the  same  time  ;  or  at  the  rate 
of  ten  miles  per  hour.  It  now  remains  to  be  seen  what 
load  can  be  moved  at  the  rate  of  ten  miles  an  hour,  by  the 
united  force  of  two  horses  applied  as  before  mentioned, 
L  e*  one  hundred  pounds.  It  vi  presumed  that  this  will 
amount  to  six  or  seven  tons,  upon  a  level  rail-way ;  and 
upon  reference  to  Mr.  Tredgold*s  work  on  rail-roads,  we 
ind  this  to  agree  very  nearly  with  Mr.  Snowden^s  state- 
n»enl  of  the  effects  produced  by  this  power.  The  weight 
of  the  horses  i^  therefore  of  trifling  consideration,  if  the 
adranlages  attending  this  mode  of  applying  their  strength 
be  so  great. 


FlaviDg  now  extended  our  description  of  the  various 
kinds  of  locomotive  carriages,  and  railways,  as  fur  as  (he 
limits  of  this  work  will  permit,  we  proceed  to  notice, 
briefly,  some  improvements  that  have  been  proposed  in 
that  very  important  part  of  a  rail-way  carriage,  the  axles. 

The  first  is  an  invention  of  Mr.  Robert  Stephenson,  of 
Newcastle  upon  Tyne,  which  is  intended  to  obviate  the 
extra  friction  produced  by  the  wheels  of  carriages,  when 
they  are  proceeding  alono:  curved  portions  of  the  rails. 
Instead  of  two  whee1<4,  fixed  as  usual  to  the  extremities  of 
one  axletree,  Mr.  Stephenson's  plan  is  to  have  a  separate 
axletree  to  each  wheel,  so  that  they  may  revolve  indepen- 
dently, and  at  different  velocities,  as  circumstances  may 
require.  The  outer  wheels  of  a  four-wheeled  carriage,  (or 
those  which  are  on  the  longest  of  two  curved  parallel 
lines,)  will  therefore  be  at  liberty  to  run  faster  than  those 
on  the  inner  side,  (or  on  the  shortest  line,)  thereby  pre- 
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venting  that  sliding  motion^  ond  its  destructive  efctt^ 
when  parsing  roand  curvcfi,  which,  on  czteuMTe  llMiif 
road,  are  generally  found  unavoidable. 

Mr.  Stephenson *6  improvements  in  axlea  likewivi^ 
hmce  another  object  uf  more  moroentoaA  iraporlattce,  tUt 
orprovidinga  remedy  for  the  unequal  strain  to  wkickacw- 
riage  ia  duhjected^  in  passing  over  those  parts  ofa  rmi)»«t^ 
that  lie  hollow,  or  below  the  level  of  the  cootifliotts  ptrt^ 
owing  to  the  sleepers,  or  other  supports,  havioy  saak  m 
given  way,  which  causes  the  carriage  and  iu  load  seas- 
times  to  rest  upon  three  wheels  instead  of  foorf  prodacisf 
undue  strains  or  fractures  ;  and  at  other  limes  canaing  iW 
carriage  to  pass  off  the  rails.  To  provide  against  iWv 
circumstanc(*s,  the  axletree  of  each  wheel  turns  in  a  IxrA 
bearing,  which  ts  bolted  to  the  frame  of  the  carriage;  iWi 
bearing,  instead  of  having  a  circular  aperture  tor  tWa&lc 
to  turn  in,  has  a  long  vertical  slot,  in  which  ik^  aalccaa 
rise  up  and  down,  as  may  suit  the  undulnlioov  or  iaipcr* 
fections  of  the  line  of  rail.  This,  howevefi  co«M  atl 
take  place,  unless  the  opposite  extremity  of  the  aaletre* 
moved  upon  a  universal  joint,  which  Mr.  StepbrMaa  has 
adopted,  giving  the  preference  to  the  ball  and  aocltet  (br 
thai  purpose,  on  account  of  its  strength  and  aimplicicy. 


Patent  Axletreea  and  Bearings^  by  Mr.  Robert 
qf  Nrwtastle-upon'Tynt.  18S5. 

Fig.    I,  exhibits  a   plan   of  a   can'  me,   wnb  la 

wlieeU  and  axletrees;  and  fig.  2,  a  -m  *  .ilioo  i*c  wc- 

lion,  as  seen  from  the  interior  of  the  frame.  Hinular  Wi* 
ters  of  reference  in  each  figure  indicate  corrrapondiiy 
pnrts.  a  a,  shows  the  frame  of  the  carriage;  6  c,  6c,tlv 
four  ta|>ered  axletrees,  having,  at  thaMnall  end  of  frh,> 
globular  knob,  revolving  in  a  hollow  sphcriral  aodui,  •• 
feen  at  eeee.  In  ?i^^  2,  the  bearings//,  are  shown  boll«4 
to  the  carriage-frame  a ;  at  ^,  the  axletree  is  area  ia  iW 
upper  part  of  the  bearing,  and  at  A,  the  axletrea  ia  iWv* 
to  have  fallen  down  the  slot,  allowing  Ibe  wWel  to  a^ 
commodate  itself  tu  the  sunken  part  of  th«  rail  L 
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III  this  lust  contrivance,  the  uhccl  alone  is  supported, 
and  ihc  carriage  has  still  to  sustain  the  unequal  pressure, 
owing  to  its  resting  upon  three  wheels.  The  chief  advan- 
tage that  results  from  it  is,  in  keeping  the  wheel  always 
on  (he  rail ;  because,  if  the  hollow  was  so  great  as  to  allow 
the  flanch   to  rise  above  the  surface  of  the  rail,  the  car- 

I      riagc   might,  in   its   progress,  be  thrown  over,  producing 

■  very  serious  consequences. 

An  accident  of  this  kind  recently  occurred  to  the  new 
locomotive  carriage  of  Messrs.  Braithwatte  and  Ericsson, 
«* The  William  the  Fourth,"  on  the  Manchester  and  Li- 
verpool Rail-way,  by  which  it  was  very  nearly  thrown 
down  a  deep  precipice:  proving  the  necessity  of  some  con- 

■'trivance  to  effect  the  object  aimed  at  by  Mr.  Stephenson's 

Varrangement. 

I       Another  arrangement  of  parts  for  a   rail-way  waggon 

Hwaii  recently  patented   in  America,  (by  Mr.  W.  Howard, 

r  of  Baltimore,)  having  for  its  objects  the  obviating  the  in- 
creased friction  arising  from  passing  round  the  curves  of 
a  rai-l-way,  and  trhe  reduction  of  the  friction  at  the' axles. 
The  following  extract  from  the  patentee's  specification, 
explains  the  construction  of  bis  carriage. 
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"  The  size  of  the  wheels^  their  distance  apart,  aa4lW 
distance  between  the  axles,  are  in  the  common  proportmi 
used  ill  ruU-way  carriages.  The  connecting  bram  brivm 
the  fore  and  hind  axles,  is  fastened  firmly  thereto  bj  jMs 
or  frameo,  to  prevent  lateral  motion.  Thia  beam  ia ditiM 
in  the  centre,  between  the  axles,  one  end  havia^  a  ioolht 
and  the  other  a  socket,  cut  of  the  eptcyclotd  foriD,  Co  ietf 
the  point  of  action  at  an  eqaal  distance  from  tbeaeMici 
of  each  axle.  The  ax  lea  are  kept  Cogetber  by  IbslvMf 
the  body  by  lK>lta  to  the  beds  resting  vpoa  oacb.  AMiCWr 
method  of  construction  is,  to  extend  the  bean  from  tW 
hind  axle,  until  the  end  of  it  rests  upon  tbr  b«d  p{  the 
fore  axle,  while  the  beam  from  the  fore  axle  rearbea  la  a 
short  distance  only  behind  the  central  point  of  action.  X 
bolt  then  passed  through  the  centre  of  the  hiod  (nmm^ 
and  the  end  of  the  fore  frame,  and  equi*dimtant  irmm  IW 
axles,  forms  the  pivot  or  point  of  action  between  tbea^ 
In  this  case,  the  waggon  is  fastened  firmly  to  Ibe  kiad  M 
only,  and  to  the  extremity  of  the  bind  beam,  which 
on  the  fore  bed,  which  is  made  to  travene,  laterally, 
easily  by  a  small  roller  upon  a  curved  strip  of  iron. 

"The  friction-wheels  are  contained  between  oprigk 
stands  or  supports,  of  cast  or  wrought  iron;  each  whfvl 
having  one  on  each  side,  connected  at  the  lop  by  a  hidl 
and  nuts,  and  having  jaws  at  the  bottom,  wide  eooiijh  l« 
admit  the  axle  in  contact  with  the  frictioa*wbrfrl;  mtk 
pair  of  friction-wheels  is  connected  by  iron  ban 
through  each  arm  of  the  jaws  of  the  supports,  aad 
by  nuts:  between  these  bars  the  axle  revoUe«f  aad  Ihc 
bars,  rising  above  the  axle,  receive  the  bram,  and  fiMW 
the  fore  and  hind  bends,  to  which  the  framofi  of  the  braa 
are  securely  nutted.  To  obviate  the  little  friction  whick 
may  arise  from  the  centre  of  the  frictioD-wbeel  heisf 
directly  above  the  centre  of  the  axle,  it  nay  be  placed  « 
little  obliquely,  and  a  small  friction-roller  need  to  oae  ^ 
the  arms  of  the  jaws,  to  destroy  the  additioajJ  frictias 
there. 

'^  I'hc  axles  have  two  shoulders  at  eacb  end,  oaeof 
which  supports  the  waggon  wheel,  and  b  aither  firwiy 
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led  to  it,  or  only  secured  by  a  linch-pin,  and  the  other 
jvolves  upon  the  friction-wheel. 

*♦  These  prtaciples  are  not  new,  but  the  combination  of 
lem  into  a  rail-way  carriag^e  is  new,  and  entitlea,  the  in- 
senior  believes,  that  hia  invention   be  secured  by  patent. 
The  peculiar  application  of  friction-wheels  is  also  new, 
elaimed  as  original.** 
Fig.  1,  represents  a  perspective  view  of  the  whole  car- 
>,  with  its  friction-wheels  attached. 

(FIG.  1.) 


Fig.  2y  represents  the  plan  of  the  waggon,  showing  par- 
icularly  the  manner  in  which  the  beds  of  the  two  axles 
connected. 


(FIG.  2.) 
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a  18  the  iron  waggon  wheel,  made  aa  usual,  except  Ikl 
it  is  arranged  so  as  to  turn  on  the  axle,  to  which  it  ii  i^ 
cured  by  the  linch-pin  6,  or  any  other  cuntrivaoce.  ciit 
wheel  fixed  upon  the  axle,  as  in  the  comnioa  raiWroU 
carriage,  dd^  the  friction-wheels,  moving  upoa  ihc  atln 
e  «,  and  supported  by  the  supports /y*.  The  whoU  i# 
these  parts  are  of  wrought  or  cast  iron,  and  the  fraas 
are  secured  together  by  screws  and  nuts,  ao  a»  lo  karf 
them  solid,  and  as  shown  in  the  figure  9,  one  of  the  bMi 
connecting  the  two  frames  together,  and  secured  ia  lik* 
manner,  k  and  t,  arc  the  two  frames  by  tihich  the  t» 
beds  are  connected  by  a  bolt,  at  the  point  Jt,  rqui-distaai 
from  the  centre  of  each  axletree,  the  frame  i  of  tbe  IM 
bed  is  prolonged,  and  rests  on  part  of  the  frame  A,ma»> 
diately  over  the  fore  axle,  the  motion  of  ita  end,  tatrfaOt, 
being  facilitated  by  a  small  roller  at  /. 

Fig.  3,  represents  the  shape  of  the  fmmc^//'^  prns.tliif 
the  axle  to  rest  on  the  periphery  of  the  friction-w 
In  the  arrangement  here  drawn,  it  is  pro- 
posed to  fix,  tirnily,  the  body  of  the  wag- 
gon on  the  hind  bed  and  frame  /,  to  move 
with  it.     Another   method  i:^,  to  attach 
each  bed  to  the  body  by  a  bolt  at  m  and 
fi,  round  which  the  beds  must  be  made  to 
traverse.  The  frames  are  then  to  be  con- 
nected at  o,  one  having  a  tooth  and  the 
other  a  socket.     These  are  to  be  cut  of  the 
form,  which  will  keep  the  point  of  action  at  an  eqaal 
tance  from  each  of  the  centres  m  and  n. 

If  it  be  found  objectionable  to  place  the  body  of  tW 
waggon  entirely  above  the  wheels,  the  two  frteU<M**h«c<h 
on  one  bed  may  be  placed  on  a  common  axle.  Th«»  »'- 
rangement  will  simplify  the  number  of  parta,  aod  cvatr^ 
bute  to  the  steadiness  of  the  motion. 


(FIG,  11 
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Undbr  thi.4  title  in  comprehended  a  description  ofa  va- 
riety uf  engines,  in  which  the  pressure  of  water,  and  the 
elastic  fVirce  of  the  vapours,  as  well  as  the  gases,  of  various 
bodies,  are  employed  as  motive  power,  in  lieu  of  steam. 

It  is  well  known  that  the  expansive  force  of  fluids^ 
generally,  is  aug-niented  by  an  increase  of  temperature,  and 
that  most  of  them  arc  so  aftocled  in  a  greater  ratio  than 
water,  by  a  similar  accession  of  lieat.  This  fact  has  led 
many  ingenious  men  to  devise  machines  for  the  application 
of  their  forces;  and  although  but  littlesucces^  hashitIii?r(o 
crowned  their  labours,  (with  the  exception  of  water  en* 
gines,)  there  are  fair  grounds  fur  hope  that  eventually  a 
useful  power,  in  peculiar  situations,  may  be  derived  from 
»ome  of  them.  In  the  first  part  of  this  work  the  gas-vacuum 
engine  of  Brown,  and  the  carbonic-acid-gas  engine  of 
Brunei  have  been  described;  those  which  followare  equally 
deserving  of  notice,  and  will  at  least  furnish  useful  infor- 
mation to  those  who  arc  studying  the  subject,  or  are  prac- 
tically engaged  in  endeavouring  to  accomplish  the  same 
object. 

Statical  Hydraulic  Engine^  erected  by  Mr,  Manwetring^  at 
Messrs.  Cook  and  CoJ's  Alum  Worksy  near  Wliitby, 
The  mechanism  of  this  engine  is,  in  its  principal  features, 
similar  to  the  steam  engine.  Instead  of  the  elastic  pres- 
sure of  the  vapour  of  water,  the  w<i/£r  itself  is  nmde  to 
operate,  alternately,  upon  both  sides  of  a  pisston  in  a  cylin- 
der, with  a  force  according  to  the  height  from  which  the 
water  descends.  The  annexed  account  of  the  hydraulic 
engine  at  Messrs.  Cook  and  Co.'s  alum  works,  was  drawn 
up  by  the  engineer  who  erected  it,  for  publication  in  the 
Transactions  of  the  Society  of  Arts. 


Il 
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The  above  figure  is  a  representation  of  the  eogioe; 
A  is  the  pipe  by  which  the  supply  of  water  is  brought  from 
a  head,  170  feet  above  the  engine;  B  is  a  vessel  conUin* 
ing  air,  the  continual  elastic  pressure  of  which  prevenU 
the  blow  that  would  otherwise  be  occasioned  by  the 
descent  of  the  water ;  c  is  a  throttle  valve ;  d  rf  is  a  hollow 
open  cylinder,  }Vorking  within  an  exterior  one,  and  closely 
applied  to  that  cylinder  at  the  parts  ««,  ce,  but  elsewhere 


WATBU   ENGINE.  919 

leaving  a  vacunt  space  belween  the  two  cylinders  for  the 
reception  of  llie  water  ;  h  h  are  packiiii^,  in  order  lo  pre- 
vent the  escape  of  the  waler  between  the  two  cylinders; 
and  1 1  arc  adjuHlin^  screws,  to  tighten  the  packing,  in  pro- 
portion as  it  is  worn  away ;  yy  are  two  passages  that  lead 
into  the  upper  and  lower  ends  of  the  pipe  g*,  in  which  the 
piston  xcy  works. 

When  the  cylinder  d  </,  is  in  the  position  represented-in 
the  plate,  the  communication  is  open,  by  means  of  the 
upper  pipe  /,  for  the  water  to  flow  into  the  pipe  g^  above 
the  piston  w\  at  the  same  time  the  passage  is  open  for  the 
water  in  the  cylinder  g^  below  the  piston,  to  flow  out 
through  the  lower  pipe/,  and  through  the  lower  part  of 
the  open  cylinder  </,  into  the  pipejr,  wKich  is  somewhat 
more  than  30  feet  long,  and  terminates  in  a  cistern  of 
water.  There  is,  therefore,  above  the  cistern  u?,  a  hydros- 
tatic pressure,  equal  to  170  feet  of  water,  and  below  it  a 
partial  vacuum;  the  piston  consequently  descends  to  the 
bottom  of  the  pipe  g.  By  the  time  that  it  has  arrived  in 
this  position,  the  cylinder  d,  will  also  have  descended  so 
far,  as  to  have  opened  the  communication  between  the  en- 
tering water,  and  the  lower  pipe/,  and  to  have  shut  ofl*  its 
communication  with  the  upper  pipe  /;  the  hydrostatic 
pressure  is  therefore  transferred  to  the  under  part  of  the 
piston,  which  consequently  rises,  while  the  water  above 
the  piston  pours  into  the  top  of  the  cylinder  (/,  and 
escapes  through  the  pipe  x\ 

The  alternate  motion  of  the  slide  or  cylinder  d,  is  thus 
effected.  The  rod  of  the  piston  w,  is  Attached  at  its  top 
to  one  end  of  the  beam  ;  at  the  other  end  of  the  beam  is  a 
rod,  terminating  below  in  the  crank  m;  Ihe  oscillating  mo- 
tion of  this  crank  is  transferred,  by  means  of  the  connect- 
ing bar/,  to  the  axis  i;,  on  which  is  placed  the  curved 
tooth,  or  cam  n  ;  the  latter  is  inclosed  within  Ihe  rectan- 
l^ular  frame  (or  cam  box)^^  and  being  moveable  in  a  hori- 
zontal position,  is  consequently  made  to  perform  a  back- 
ward and  forward  motion,  by  the  cam  pressing  flrst  on 
one,  and  then  on  the  other  side  of  the  box.  To  the  out- 
side of  the  box  are  fixed  two  guide  bars,  supported  on  the 
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bearings  oo,  the  coiiiiectiii<^  rod  />,  at  one  eud  to  the 
guide  bar,  and  at  the  other  end  to  the  arm  q,  of  a  beni 
lever,  havings  for  its  fulcrum  the  pivot  r  ;  the  other  end  of 
the  lever  is  forked,  and  embraces  the  pipe  x  ;  one  oftbeac 
forks  Sy  is  connected  with  a  similar  rod ;  these  rods  are 
fastened  at  top  to  the  two  ends  of  a  cross  bar,  to  the  mid- 
dle of  which  is  fixed  the  rod  m,  which  works  in  the  Muffini^ 
box  V,  and  gives  motion  to  the  slide  d. 

The  slide  remains  stationary  nearly  half  a  stroke  oftke 
piston,  in  order  to  allow  the  water  to  act  with  its  full  force, 
and  this  is  effected  by  its  being  necessary  for  the  cam,  after 
it  has  moved  the  box  in  one  direction,  to  perform  about  a 
quarter  of  a  revolution,  before  it  can  act  on  the  opposite 
side  of  the  box.  The  reason  for  making  the  passages//, 
as  large  as  represented,  is  to  diminish,  as  much  as  possible, 
the  friction  of  the  water,  which  otherwise  would  retard  the 
motion  of  the  piston. 

Patent  Vapour  Engine,  by  Mr.  Thomas  Hotoard^  qf  Ntm 
Broad  Street^  London,    18'^. 

The  intention  of  the  inventor  of  this  engine,  waa  the 

employinciit  of  alcohol  or  ether,  as  a  motive  power,  on  Ihf 
ground  of  their  exerting  a  much  greater  expansive  force 
than  stpain,  at  similar  temperatures.  As  the  expenw  of 
alcohol  and  ether  is  too  great  to  allow  of  any  consider** 
ble  waste  of  the  kind,  one  of  the  principal  diflrcultits  at- 
tending the  construction  of  an  engine  of  the  kind,  has  been 
to  prevent  the  escape  of  the  vapour.  In  this  machine  the 
vapour  h  generated  in  the  cylinder  itself ;  therefore,  oo 
distinct  boiler  being  employed,  the  apparatus  is  %*erY  com- 
pact and  lii;;hl.  The  following  description  we  gather  from 
the  specification  of  the  invention. 

^'  I  erect  two  metal  eylindei*s,  (aby  figure  No.  1 ),  made  firm 
andi^ecure  by  any  of  the  ordinary  methods.  Those  cvlinderv 
communicate  with  each  other,  at  the  lower  part,  by  a  hori- 
zontal tube,  or  smallercylinder,  or  otherivise,  so  as  to  form 
a  free  passage  at  c,  from  one  to  the  other.  Then  such  a 
quantity  of  fixed  oil,  mercury,  or  other  fluid,  or  substance 
bciOining  fluid,   but    not    evaporating  at  (he    degree  of 


be  there  exposed,  is  introduce  ioto 
these  cylinden),  as  will  Bll  the  base  of  the  one,  (he  iuterme- 
diatc  passage,  and  nearly  the  whole  of  the  other  cylinder, 
to  serve  as  a  medium  of  heat  necessary  for  generating  the 
vapour  for  working  the  engine.     Within  one  cylinder  6, 
is  placed  a  pistun,  exposed  above   to  the   pressure  of  the 
atmosphere,  and   having  a  rod  and  stuflling   in  the  usua.1 
manner.     In  the  other  cylinder  a,  is  placed  a  thin  metallic 
dish  dy  floating  freely  upon  the  oil,  or  other  fluid  beforf- 
mentioned.    This  latter  cylinder  has  a  top  fastened  down, 
quite  air-tight,  through  the  centre  of  which  top  is  broui^bl 
a  tube  e,  proceeding  from  the  condenser  (hereinafter  des- 
cribed), the  lower  end  of  which  tube  within  the  cylindrr 
terminates  in  a  nosle  pierced  with  many  small  holes.  Thit 
tube  is  passed  through  a  piece  of  cork,  wood,  or  other  im- 
perfect conductor  of  heat,  fixed  into  the  top  of  the  cylia- 
der  with  a  ring  screwed  down  above  it,  in  which  the  tube 
is  made  secure  by  a  small  screw  J\  in  order  that  all  these 
parts  may  be  air-tight.     In  the  top  of  the  cylinder  a,  is  sn 
oblong  orifice,  closed   by  a    valve   g,  of  the    like  form, 
which  opens  inwards  by  a  rod  A,  striking  the   valve  near 
one  end,  with   the  advantage   of  a   lover  (as  a  door),  it 
\vhich  end  is  a  small  hollow,  for  the  purpose  of  receiving 
the  rod;  at  the  other  end,  the  valve  is  confined  to  its  seat 
by  a  crane-neck  spring,  bending  over  above  it,  (as  in  the 
figure  No.  1.  near  g) ;  the   rod  is  entirely  detached  from 
the  valve,  so  that  the  rod  has  the  power  only  to  open  the 
valve.      The   advantage  of  which   is,  thai  any  accidental 
irregularity  in  the  motion  of  the  rod  will  not  derange  the 
valve  itself.     The  valve  rod  passes  through  an  air-tight 
stuffing  box  I,  in  the  usual  manner.     A  safety  valve  i,  is 
placed  on  the  top  of  the  cylinder  a.      There  is  an  orifice^ 
L,  through  the  piston,  into  which  is   fitted  a  plug  or  stop- 
per m,  by  means  of  which  the  height  of  the  oil,  or  other 
fluid    hereinbefore   described,  above    the   piston    (which 
should   always  be   kept  a  little  above  the  piston),  may  be 
regulated  when  necessary.     The  oil,  or  other  fluid,  may 
at  anytime,  when  required,  be  withdrawn  from  the  cylin- 
ders by  a  cock,  n^  near  the  bottom,  and  may  be  again  in- 
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troduced  by  the  lop  of  l!ie  piston  cylinder,  through  the 
orifice  /,  in  the  piston.     The  degree  iyf  heat  necessary  for 
the  purpose  of  working  my  vapour  engine,  is  obtained  by 
meansof  asutRclent  nunribcr  of  lamps, 0,0,0,0,  on  the  prin- 
jciple  of  the  argand  lamp,   and  on  a  larger  scale   when 
required.     Those   lamps  are  supplied  with  oil,  or  other 
inflammable  liquid,  or  gas,  and  placed  below  the  cylinders, 
and   the  chimneys  of  which  lamps  are  passed   into,   and 
through  a  (bin  niotalHc  or  other  covering,  which  covering 
19  carried  round  both  the  cylinders,  (except  the  upper  pari 
of  the  piston  cylinder),  at  a  small  distance  from  the  cylin- 
ders, so   as  to  confine  and  carry  the   heated  air  entirely 
round   them.      The   lamp  chimneys  should  be  made  of 
tnetal,  with  a  hole  therein,  covered  with  talc,  through 
which  the  flame  may  be  seen  for  the  purpose  of  regulation. 
There  is  a  tube  or  chimney,  p,  at  the  top  of  the  last-men- 
ttoned  covering,  which  tube  may  be  more  or  less  closed 
by  a  top  or  register,  9,  the  better  to  regulate  the  heat  of 
the  air  within  the  covering.     By  means  of  a  small  forcing 
pump,  r,  which  is  set  in  motion,  and  the  length  of  its 
stroke  regulated  by  any  of  the  ordinary  methods  in  use  in 
the  steam  engine,  the  tube  e,  which  enters  the  top  of  the 
vapour  cylinder,  is  supplied  from  the  condenser  with  the 
liquid,  which  is  afterwards  to  be  converted  into  vapour, 
within  the  cylinder  a.     The  liquid  to  be  employed  may  be 
either  ether,  alcohol,  essential  oil,  or  other  liquid,  which 
evaporates  more  rapidly,  and  at  a  lower  temperature  than 
Irrater.     I  do  not  however  confine  myself  to  any  particular 
liquid  or  liquids,  for  even  water  may  be  used,  if  the  heat 
be  sufficiently  raised.     The  degree  of  heat  to  which  it  is 
proper  to  raise  the  oil,  or  other  fluid  medium  within  the 
Cylinders,  must  be  varied  according  to  the  nature  of  the 
liquid  to  he  evaporated,  and    to   the  extent  of  power  re- 
quired.    In  order  readily  to  ascertain,  and  be  enabled  to 
regulate  correctly,  the  degree  of  heat  within  the  cylinder, 
ft  thermometer  is  attached  to  any  convenient  part,  with 
Its  bulb  passed  through  the  cylinder  into  the  oil  or  other 
fluid  medium.     From  the   nosle  of  the  tube  e  above  de- 
•cribed,  a  sufficient  quantity  of  the  liq  uid  before  mentioned 
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is  thrown  by  the  action  of  the  forcing  pump  r,  not  gre* 
dualtV)  but  quickly,  and  at  once  upon  the  dish  D,  whicb 
being  previously  heated  by  the  oil,  (or  other  fluid  medium) 
on  which  il  floaU,  quickly  converts  the  liquid  thrown od 
it  into  vapour,  which  vapour  receives  an  increase  of  ex- 
pansive power,  by  the  heat  of  the  cylinder  ;  and  preamg 
upon  the  oil  (or  other  fluid  medium)  and  dish  floating 
thereon,  forces  the  oil  through  the  horizontal  passage  C, 
into  the  piston  cylinder,  and  raises  the  piston  to  its  higbcel 
point  of  elevation.  The  valve  G  in  the  vapour  cylinder, 
being;  now  opened,  the  vapour  escapes  by  a  tube  S  into 
a  separate  vessel  (as  in  the  steam  eng^ine  of  Watt)  and  Lt 
there  condensed  ;  the  piston  then  returns  by  the  premore 
of  the  atmosphere,  and  the  dish  is  carried  again  to  the  top 
of  the  vapour  cylinder.  The  valve  G  is  now  dnsed,  and 
a  fresh  portion  of  liquid  is  thrown  by  tho  forcing;  pump 
upon  the  dish,  to  be  convened  into  vapour,  and  the  ope- 
ration is  repeated  us  before.  The  dish  D  is  not  absolultflj 
necessary, 09  the  liquid  may  he  thrown  upon  the  oil  (orolkfr 
fluid  riKHJium);  but  I  prefer  a  dish,  which  should  be  made  of 
copper,  with  a  flat  bottom,  the  internal  surface  of  which 
should  not  be  polished.  A  sliding;  valve  T,  is  placed acro« 
the  horizontal  tube  or  passage  between  the  two  cylindeRv, 
BO  as  occasionally,  either  entirely  or  partially,  to  close 
the  passage  from  one  cylinder  to  the  other,  by  means  of 
which  the  motion  of  the  engine  may  be  easily  reguUtcd 
or  slopped.  In  the  top  of  the  cylinder  A,  is  fixed  a  tubeS^ 
by  wliich  the  vapour  is  conveyed  from  the  cylinder  lobe 
condensed;  and  the  lube  should  be  divided,  and  a  ring  of 
cork,  wood,  or  other  imperfect  conductor  of  heat  o,  should 
he  placed  between  the  two  parts,  which  should  then  bf 
screwed  up  together  air-tight.  By  means  of  this  arrange- 
ment, the  transmission  of  the  heat  from  the  cylinder  to  the 
condenser  is  interrupted.  The  other  end  of  the  tube  is  io- 
serled  into,  or  communicates  with,  a  circular  tube  or  hol- 
low ring,  VV,  into  whii'haiiuuil>er  of  smaller  tubes,  marked 
severally  U,  made  of  copper  or  other  metal,  as  thin  as  the 
required  stiength  will  permit,  are  fixed  and  arranged  in 
A  circle.     These  smaller  tubes  are  also  inserted   into  ano- 


Ann  Aix'ouoi.  enoi^e.  1119 

ther   vessel  below    W,    which    forms  a  reservoir  for   the 
vapour,  when  condensed.     The  liquid  formed  by  the  con- 
densed vapour  may,  by   means  of  a  pipe,  with  a  cock  </, 
placed  in  the  bottom  of  the  vessel,  be  withdrawn  when  re- 
quired.    The  outer  and  upper  part  of  the  condenser  has 
upon  it  a  circular  bason  or  open  vessel   X,  into  which 
,  water  is  thrown  by  a  pump  or  otherwise,  as  may  be  conve- 
nient.    The  smaller  tubes  severally  marked   U,  are  each 
wrapped  round,  and  covered  on  their  external  surface  with 
flannel,  or   other  porous   substance  of  the   like   nature, 
which  is  carried  over  into  the  upper  ring  or  bason  X,  from 
whence,  bein^  previously  wetted,  the  water  is  absorbed; 
and  the  Bannel,  or  other  porous  substance  used,  acting  like 
a  syphon,  conducts  it  down  the  outside  of  these  tubes  into 
a  vessel  Y  below  them,  from  which  it  may  be  allowed  to 
run  off,  or  be  pumped  again  into  the  tipper  vessel  X,  if  re- 
quired. Within  the  hollow  circle  formed  by  these  smaller 
tubes,  severally  marked  U,  is  a  machine  upon  the  principle 
of  a  fan,  kept  in  rapid  motion  by  the  engine  or  otherwise. 
By  this  means,  acontinued  stream  of  air  is  thrown  upon  the 
wet  flannel,  or  other  porous  substance,  and   the  heat  is 
consequently  thereby  more  quickly  withdrawn  from  the 
condenser.     Previously  to  setting  the  engine  to  work,  it  is 
necessary  to  withdraw  the  air  from  the  condenser  and  va- 
I  pour  cylinder,  which   is  done  by  means  of  an   exhausting 
pump  or  syringe  applied  at  c,  to  a  pipe  with  a  stop-cock  ft, 
fixed  on  the  top  of  the  condenser.      The  liquid  to  be  con- 
verted into  vapour  for  working  the  engine,  is  introduced 
into  the  vessel  or  reservoir  at  the  bottom  of  the  condenser, 
through  a  tube  e,  closed  by  a  screw  capy.     From  this  ves- 
sel or  reservoir,  (the  fluid  in  the  cylinder  having  been  first 
beated,)  the   liquid  is  thrown  into  the  cylinder  A,  by  the 
forcing  pump  R,  as  before  described.    A  mercurial  guage 
finay  be  fixed  in   the  usual  manner  to  any  part  of  the  con- 
Idenser,  in  order  to  shew  the  degree  of  exhaustion  within. 
"This  method  of  producing  condensation,  consists  in  expos- 
ing' the  vapour,  or  elastic  fluid  to  be  condensed,  to  a  large 
•urface  of  metal  surrounded  or  covered  with   flannel,  or 
,a4>me  other  porous  substance,  continually  absorbing  water* 
28.  "I  o 
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und  at  the  8aiue  time  acted  en  by  a  streaai  of  almoapheric 
air,  and  1  claim  the  application  of  this  new  method  of  pro* 
diicius^the  condensation  ofthe  elastic  fluids  or  vapourasi 
plicable  generally,  and  not  as  applicable  to  my  engine oidj 
The  condensation  of  the  vapour  or  elastic  fluid  may  al 
be  eflected  by  injection,  upon  the  same  principle  as  in  tl 
uteani  eng-ine,  but  with  the  advantage  of  dispensing  wl\\ 
tlie  constant  use  of  an  air-pump,  and  effectually  preventing 
the  escape  of  any  of  the  vapour  or  liquid.     To  effect  the 
condensation  by  injection,  a  tube  S,  (figure  No.  2)  ct 
veys  the  vapour  into  an  oblong  vessel  y,  made  of  copi 
or  other  metal,  as  thin  as  the  pressure  will  allow, 
required    quantity   of  the    liquid    before  mentioned, 
be  afterwards  thrown  into  the  cylinder,  is  introduced  intu 
the  condenser  or  vessel  g^  by  the  tube  e  as  before^  or  by  a 
funnel  o,  on  the  top  through  a  stop  cock  p.     The  forcing 
pump  Rj  the   E    to  convey  the  liquid   into  the   cylindcri 
the  pipe  and  cock  b  for  withdrawing  the  air,  and  also  llie 
pipe  and  cock  d,  by   which  the  liquid   may  at  any  lirac 
be  withdrawn,  are  constructed  as  in  the  hereinbefore  de* 
i^cribcd,  and  the   lifting  pump  withdrawing  a  quantity  of 
the  liquid,  ia  dispersed  throughout  the  vessel  g^  and,  con- 
densing the  vapour   therein,  passes  with  it  to  the  bottom 
of  the  vessel.     Part  of  this  liquid  is  again  thrown  into  the 
cylinder  by  the  forcing  pump  R,  to  be  converted  into  va- 
pour as  before  described,  and  part  of  it  is  again  employed 
to  condense  (he  vapour,  in  the  manner  last  before  men- 
tioned.    In  effecting  the  condensation  by   injection,  the 
condenser  and  tubes  connected  therewith  are  immersed  ia 
a  cistern  of  cold  water,  a  stream  of  which   is  continually 
parsing  through  it,  as  in  the  steam  engine.     The  vapour 
engine  hereinbefore  described,  operates  against  (he  pres- 
sure of  the  atmosphere.'^  ( This  m»y  be  a  voided,  and  a  doable 
action  produced,  by  arrangements  similar  to  those  in  steam 
engines,  which  are  described  by  the  patentee.) 

"Although  I  prefer  the  us2  of  lamps  upon  Argand*fl 
principle,  in  order  to  obtain  the  requisite  degree  of  heat^ 
to  give  motion  lo  my  vapour  engine;  yet  an  engine  may 
be  so  constructed,  that  fuel  of  any  kind  may  be  used.  The 
foregoing  are  some  of  the  combinations  of  machinery,  to 


AND   ALCOHOL   EXGINfi. 


r>5i 


which  ray  invention  h  Applicable;  but  1  moreover  claim, 
as  my  exclusive  invention,  theapplication  forlhe  purpose  of 
giving  motion  to  machinery>  of  vapour  generated  frouisuch 
liquids  as  evaporate  at  a  lower  temperature  than  water.*' 
The  annexed  diagram  is  explanatory  of  another  form  of 
engine,  suggested  by  Mr.  Howard,  which  operates  against 
the  pressure  of  the  atmosphere,  and  upon  which  also  de- 
pends the  return  or  vacuum  stroke  of  the  piston*  Two 
methods  of  avoiding  this,  and  prodiicing  a  double  action, 
are  given  in  the  specification,  but  which  are  not  inserted 
here.  The  following  diagram 
presents  an  outline  of  a  very 
effectual  arrangement,  a  a  are 
the  vapour  cylinders  or  vessels, 
(the  form  of  which  may  be  va- 
ried ;)  b  is  the  piston  cylinder; 
c,  the  piston,  working  horizon- 
tally.    The  arrangement  of  the 
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lamps,  injecting  tubes,  Sec.  is  upon  the  same  principle  as 
before.  The  vapour  is  alternately  generated  within,  and 
withdrawn  from  the  two  vessels,  a  a,  and  acts  upon  the 
piston  through  the  medium  of  the  oil  or  other  fluid,  upon 
which,  or  upon  the  thin  copper  floats  dc/,  the  small  quan- 
tity of  liquid  to  be  evaporated  is  injected,  as  before  de- 
scribed. 

In  the  Register  of  Arts,  (vol.  4,  page  t>6,  from  whence 
this  account  is  extracted,)  are  contained  some  additional 
observations  on  this  subject,  by  the  ingenious  patentee, 
which  appearing  to  us  to  be  well  deserving  of  the 
consideration  of  the  reader,  we  here  transcribe  them. 

^'The  leading  principles  upon  which  thii  invention  i^ 
founded  are,  the  generating  n(»  more  vapour  than  is  ac- 
tually demanded  to  produce  the  required  effect;  the  fur- 
ther expansion  of  the  vapour  in  the  vessel  in  which  it 
operates;  and  the  employment,  under  these  arrangements, 
of  such  liquids  (though  not  exclusively)  as  evaporate 
more  rapidly,  and  at  a  lower  temperature,  than  water.  It 
is  obvious  that  the  first  principle  cannot  be  effected,  when 
there  is  employed  a  boiler,  or  generator  of  any  kind,  dis- 
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tinct  From  llie  cylinder  or  other  vessel   in  n*hicli  th: 


by   Its 


id    bet 


bich 


pour  operates 

communication  is  shut  off  at  interv&ts.  The  advantA^i 
preventing  the  cooling  of  ihe  cylinder  of  the  steam-efigii 
was  observed  by  Watt,  and  has  been  attempted  in  a 
riety  of  ways,  and  was  successfully  eflvcted  by  placing 
within  the  boiler,  as  in  the  high-pressure  engine  of  Ti 
vithick.  liut  I  have  nowhere  heard  of  its  having  bf 
proposed  to  raise  the  temperature  of  the  cylinder  kigl 
than  that  of  the  boiler.  This  principle  could  not,  indeed, 
be  accomplished  with  its  full  advantage  in  the  steam- 
engine,  because  the  expansion  of  the  vapour  by  beating 
the  cylinder  would  only  be  partial ;  for  when  the  comtuu* 
iiication  is  open  with  the  boiler,  there  cannot  exist  a 
greater  pressure  within  the  one  vessel  than  the  other; 
therefore,  the  vapour  in  the  boiler  must  also  be  expanded, 
before  the  whole  effect  can  be  produced.  Wheti  the  va» 
pour  is  generated,  as  in  my  engine,  within  the  vessel  in 
which  it  operates  by  its  pressure,  the  same  source  of  heat 
employed  for  the  former  pui*pose,  is  also  made  to  increase 
the  effect  of  the  latter;  the  whole  vessel  being  surrounded 
with  a  medium  <ether,  air,  or  a  fluid)  heated  by  the  fuel 
employed  to  generate  the  vapour.  Hy  these  arrange- 
ments,  combined  also  with  a  fluid  medium  within  the  va* 
pour  vessel,  and  which  likewise  prevents  any  escape  of 
the  vapour,  the  loss  of  heat  by  radiation,  &c.  is  as  mnch 
prevented  as  perhaps  it  can  possibly  be,  owing  to  the 
small  extent  of  surface  to  which  it  is  necessary  to  apply 
the  fuel,  and  to  its  being  made  to  bear  at  once  upon  the 
vessel  in  which  the  effect  operates.  When  we  reflect  that 
every  additional  W*  of  heat  doubles  the  previously  exist- 
ing expansive  power  of  the  vapour,  the  advantages  of  this 
system  will  be  evident.  While  the  temperature,  40",  pro- 
ceeds in  an  arithmetical,  the  expansion  proceeds  in  a  geome- 
trical ratio,  or  nearly  so.  Other  advantages  are  also  ob- 
tained by  generating  the  vapour  in  the  vessel  in  which  it 
operates.  No  injurious  condensation  of  the  vapour  takes 
place  by  the  injection  of  the  liquid  to  be  evaporated,  t»e- 
the  moment  of  injection,  there   is  no  vapour  in 
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the  vessel ;  neither  is  there  any  pressure  to  overcome^  in 
introducing^  the  liquid. 

"  When  the  idea  first  occurred  to  me  of  employing, 
instead  of  water,  liquids  which  evaporate  at  a  lower 
temperature,  I  perceived  immediately,  that  it  would  be 
hopeless  to  attempt  the  practice  of  such  a  theory  upon 
the  present  principle  of  the  steam  engine;  and  when  I 
aAcrwards  found  that  such  had  actually  been  attempted 
with  alcohol,  I  was  not  surprised  that  it  had  proved  abor- 
tive. To  say  nothing  of  the  danger  of  placing  a  furnace 
under  a  boiler  containing  a  large  quantity  of  an  inflam- 
mable liquid,  it  would  be  almost  impossible  to  prevent  its 
escape,  which  would  soon  amount  to  far  more  than  the 
aaving  of  fuel  that  would  be  made  upon  that  plan.  After 
making  many  experimont.s,  it  appeared  to  me  that  the  va- 
pour might,  by  a  new  and  proper  arrangement,  be  gene- 
rated within  the  cylinder  itself,  and  thus  do  away  with 
the  necessity  of  a  separate  boiler,  or  generator  of  any 
kind.  I  ascertained  that  ether  or  alcohol  would  evapo- 
rate with  sufficient  rapidity,  and  would  produce  an  in- 
stantaneous and  very  great  pressure  in  a  closed  vessel,  if 
the  surface  upon  which  a  small  quantity  was  thrown,  were 
heated  to  about  100°  above  the  boiling  point  of  the  liquid. 
Jn  these  experiments,  mercury  was  employed  as  a  medium 
upon  which  to  evaporate  the  liquid.  The  following  Table 
will  explain  the  system. 
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•  111  a  fkubiicc|ucnt  commurticalioii  lo  the  scientific  jouriiul  quoted, 
Mr.  Howard  ubBerves,  that  the  fifth  column  of  thia  tabic  must  be  coii- 
■idcreJ  crroneoUB. 
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— and  so  on  in  proportion,  for  every  additional  40*  ofkealf 

but  gradually  deci 


rcasing;  in  cttect,  at*  the  teroperaturv  w- 
vanccs.  The  calculations  arc  given  only  9»  aa  apprD&i- 
mation  sufliciently  correct  to  illustrate  the  theory. 

"  Suppose  it  be  required  to  work  an  engine  witb  elJier, 
having  a  cylinder  or  vapour  vessel  or  veasclii,  (vefMv 
inches  in  diameter,  and  thirty  inches  tn  length,  and  wttk 
a  pressure  on  the  piston,  or  (which  is  the  sanie  in  eftct^ 
upon  the  intermediate  fluid,  of  eight  uliDoophercfly  wai 
which  would  be  a  very  powerful  engine.  S«ch  a  vcttrl 
us  that  above  described  will  contain  about  tea  fhniiid 
cubic  inches.  This  will  require  the  evapurution  of  abovt 
five  and  a  half,  say  six  cubic  inches  of  ether,  at  two  k«^ 
drcd  and  twenty  degrees,  as  six  cubic  incfae**  roatati 
nearly  sixteen  hundred  grains  or  drops  of  liquid,  fn 
drops  must  be  evaporated  from  each  square  ioch.  «iKt 
tlie  diameter  of  the  vessel,  twenty  inches,  pro«eDU  «  ff«r* 
face  of  about  three  hundred  and  twenty  square  ioch& 
Five  drops  of  ether  upon  a  square  inch  of  sarface,  hvMiti 
to  two  hundred  and  twenty  degrees,  will  evapomfe  witba 
rapidity  sufficient  to  produce  a  motion  equal  at  lea«t  l« 
tlie  condensing  steam  engine.  By  decreasing  the  hrat,<v 
the  quantity  of  liquid  injected,  the  effect  will  be  decrettei 
in  proportion,  so  that  the  motion  and  power  of  ihvt  ongi»r 
may  be  governed  with  great  exactness.  If  the  quantii) 
of  liquid  injected  be  decreased,  and  not  the  hrat^  tW 
power  (pressure)  only  will  be  decreased:  the  iaotkM,iB 
far  as  depends  upon  the  quickness  of  evaporation,  maj 
even  be  increased.  The  reliitive  proportion  hrtweea  tW 
motion  and  power  also  depends  upon  that  between  (he 
aurface  of  the  piston  and  the  surface  of  the  intermedktff 
fluid,  which  receives  the  pressure  of  the  vapour.  Il  » 
liot  neces&ary  at  present  to  enter  fully  into  thin  pan  of  the 
rfubjcct;  there  must  be,  of  course,  a  certain  niodiGcat>«a 
JM'ith  regard  to  the  temperature  and  the  quaiitit)  of  liqiirf 
iiijiTtod,  which  will  tic  found,  by  practice,  to  produce  tW 
most  advantageous  result,  according  to  the  purpoae  Car 
which  the  engine  is  designed,  and  other  circumstaDco. 

''  Alcohol  will  furnibh  the  same  results  aa  elberi  if  tW 
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leaiperature  be  raised  seventy-Ovc  degrees  liighcri  and 
upon  the  whole,  this  liquid  may  perhaps  be  preferable, 
particularly  as  it  may  be  more  readily  and  efTectunlly 
condensed. 

*'  Water  will  also  give  (he  same  expansive  power,  at  one 
hundred  and  twelve  degrees  higher  than  ether,  or  thirty- 
seven  degrees  higher  than  alcohol ;  but  the  motion  of  the 
engine  would  be  comparatively  slow  at  this  degree  of 
heat,  and,  therefore,  independently  of  the  necessary  in- 
crease of  temperature,  the  greater  r|uanlity  of  latent  ca- 
loric'absorbed  by  its  vapour,  and  other  circumstances,  the 
same  effect  can  only  be  produced  from  this  liquid  by  a 
greater  consumption  of  fuel.  Nevertheless,  there  may  be 
instances  in  which  water  would  be  employed,  as,  even  in 
this  case,  the  consumption  of  fuel  will  be  very  small,  com- 
pared with  the  steam  engine.  It  must  be  remembered 
that  it  is  not  necessary  that  the  whole  of  the  liquid  in- 
jected should  evaporate  instantly.  It  is  sufficient  if  it 
evaporate  during  the  time  occupied  by  the  descent  of  the 
surface  on  which  the  pressure  operates,  and  whicli  pres- 
sure commences  immediately  upon  the  injection  of  Che 
liquid,  because  a  very  small  quantity  of  vapour  is  suffi- 
cient to  fill  the  contracted  space  existing  at  this  moment 
in  the  vessel,  and  which  space  enlarges  with  the  increased 
quantity  and  pressure  of  the  vapour,  until  the  required 
motion  be  produced;  when,  the  vapour  being  withdrawn, 
the  medium  within  the  vessel  returns  by  the  pressure  in 
the  contrary  direction,  and  again  occupies  the  space  from 
which  it  was  ejected  by  the  vapour.  It  is  thus  that  no 
more  vapour  is  generated  than  is  actually  employed ;  and, 
as  this  is  the  utmost  degree  of  simplicity  at  which  we  can 
arrive,  may  we  not  presume,  even  from  this  cause  alone, 
that  it  is  the  most  effectual  method  of  availing  ourselves 
of  the  vapour  of  liquids? 

"  The  arrangement  of  the  argand  lamps,  and  the  man- 
ner in  which  the  heat  produced  by  them  is  made  effectual, 
will  be  understood  by  inspecting  the  drawings  annexed 
to  the  specification.  The  principle  of  the  invention  is, 
the  permitting  no   air  to  nppronrh   (he  vapour  vessels  oi 
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cyliaut>r9,  but  such  as  has  heen  inien»^\y  bMt«4  tiy  |mv> 
in^  throuf^b  Ihe  flanie  of  the  UropH.  Charcoal  may  hi 
employed  in  much  the  same  way;  but  when  fu«l  of  ilk 
kind  is  made  use  of,  I  purpose  to  surrouud  the  cylindon 
with  a  fluid  medium,  instead  of  heated  air,  and  whick 
may  also  be  added  when  lamps  are  used,  but  in  th»  case 
it  does  not  appear  to  be  necessary.  The  attrfiice  exponA 
to  the  atmosphere  may  be  coated,  extemally,  with  Msi 
iitiperfect  conductor  of  heat.  Many  advanlA^ii  will  i*» 
suit  from  the  employment  of  arc^aiid  lnmp<i,  particaUrJy 
in  navigation.  In  powerful  engines,  they  will,  ofi 
be  constructed  on  a  large  scale. 

^^  Having  completed  these  arrangeraenta,  it 
necessary  to  devise  some  other  mode  of  condeiiM^  thi 
vupour  than  that  practised  in  the  steam  engtoe;  lor  thi 
injection  of  fre^h  portions  of  cold  water  'm^  of  course,  ia* 
admissible,  when  the  vapour  of  other  liqnids  ia  lo  ba  caa> 
densed.  By  the  first  method,  i^iveti  in  the  apecificalii^ 
the  condensation  is  effected  without  injection.  By  sarw 
rounding  the  thin  copper  tubes  with  a  porous  ■nhataawi, 
absorbing  water  from  a  vessel  above,  a  continuallv  la* 
newed  stream  of  it  is  brought  into  contact  with  thtmi 
and  by  subjecting  this  extended  surface  to  the  coMliBC 
action  of  frc^h  portions  of  atmospheric  air  (which  any  br 
done  in  several  ways),  the  evaporation,  or,  more  proparlyi 
'the  solution  in  air,  of  the  water,  reduces  ikm  tauiya' 
'lure  very  rapidly,  about  ten  degrees  lower  tbao  caa  hr 
effected  with  the  water  only,  and  a  small  supply  of  waltf 
Is  sufficient;  for  I  imagine  that,  in  most  cases,  the  waMr 
will  run  oflT  sufficiendy  cool  to  be  again  made  use  of.  I 
propose  the  introduction,  with  some  suitable  nodiics- 
tions,  of  this  method  of  condensation  into  dtstillarJai.  Tie 
first  cost  will  be  far  less  than  that  of  the  beary  wonuaad 
tub  at  presi'ut  in  use,  and,  I  doubt  not,  will  be  feaad 
more  cfTectual. 

^'  A  method  of  condensation  by  injection  is  also  p^^ 
in  the  specification,  and  I  think  it  preferable  lo  tbe  fcr- 
mer,  where  a  large  supply  of  cold  water  is  rrsdily  o^ 
tained,  as  in  navigation.     The  principle  is  the  rircolatisa 
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through  (he  condenser  of  the  same  liquid,  which,  afker 
having  performed  its  office  within  (he  condenser,  is  with* 
drawn,  and,  previously  to  being  again  injected,  is  cooled 
by  passing  through  a  pipe,  or  worm,  exposed,  as  is  the 
whole  of  the  condenser,  (o  a  stream  of  cold  water.  As  no 
air  is  introduced,  it  obviates,  in  my  engine,  the  necessity 
of  an  air-pump  in  constant  action.  This  method  is  also 
equally  applicable  to  the  steam  engine,  and  would  rellove 
it  from  a  great  part  of  the  burthen  of  the  air-pump. 

*'  With  respect  to  the  safety  of  my  invention,  it  will  be 
tieen,  that  it  may  be  made,  at  pleasure,  cither  a  high  or 
low-pressure  engine.  As  it  is  very  easy  to  construct  the 
vapour  vessels  of  uniform  strength  throughout,  and  as  the 
effect  of  the  safety-valve  may  be  depended  upon,  because 
the  vessels  cannot  be  injured  by  the  heat  to  which  they 
are  exposed,  owing  to  the  manner  in  which  it  is  applied, 
it  may  be  very  safely  proposed  to  extend  the  pressure  to 
eight  or  tctn  atmospheres;  not  that  this  is  by  any  means 
necessary  to  the  success  of  the  system,  for  a  low-pressure 
will  answer  to  the  theory  equally  well;  and  as  the  sire 
of  the  cylinders  cannot  generally  be  an  object  of  much 
consequence,  it  may,  perhaps,  be  considered  prefer- 
able. 

^^  In  accomplishing  this  undertaking,  that  some  of  those 
difficulties  may  present  themselves,  which  are  alwaysattend- 
ant  upon  the  introduction  of  a  new  system,  1  am  fully  pre- 
pared to  expect;  but  that  they  can  only  be  of  minor  im- 
portance, 1  have  fortunately  been  enabled  to  place  beyond 
a  doubt,  by  the  experiments  which  I  have  made  upon  an 
engine  (not  yet  completed)  having  cylinders  of  eight 
inches  diameter.  As  it  operates  against  the  pressure  of 
the  atmosphere,  this  alone,  were  there  no  other  indication, 
ie  sufficient  proof  of  the  power  of  the  vapour,  and  which 
seems  capable  of  being  carried  to  almost  any  extent.  The 
motion  commences  immediately  upon  the  injection  of  the 
liquid.  It  derives  its  hent  from  four  gas  lamps,  of  the 
ordinary  size,  which  appear  to  be  quite  sufficient,  notwith- 
standing the  imperfection  of  the  arrangements.  !  have 
generally  made  use  of  ether.     It  stands  in  an  area  of 
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three  feet  by  two  feet,  which  is  the  space  that  we«U 
be  occupied  by  an  engine  of  about  ten-horse  power. 

^'  It  is  scarcely  necessary  fur  tnc  to  poinl  onl  to  tb«v 
who  are  conversant  with  these  subjects,  the  ftdvuita^ 
which  will  result  from  the  employment  of  lh«  vaposr 
engifio,  particularly  in  navigation.  It  is  proper,  bo«* 
ever,  that  I  should  take  some  notice  of  them.  The  Bfltf 
apparent  are — the  very  gmall  consumption  of  fuel;  t&r 
absence  of  all  nuisance  from  smoke,  and  of  b  chiouMf 
flue,  when  lamps  are  made  use  of;  the  trifling  space  oecs* 
pied  by  the  quantity  of  oil,  or  other  material  ncccflwy, 
even  for  the  longest  voyage,  compared  with  that  ui  pit* 
sent  required  in  steam  vosseU  for  the  stowage  of  coal;  ihr 
small  space  occupied  by  nn  engine  of  the  greatest  powtr; 
its  perfect  safety,  portability,  and  moderate  rxprtMr  at 
construction/* 

It  is  now  four  ycai*s  since  Mr.  Howard  comi 
undertaking,  during  which  time  he  has  pcr^iL* 
increasing  confidence  as  to  its  ultimate  success.  We  km 
seen  an  engine  recently  made  by  him,  which  may  W 
deemed  his  second  experimental  engine;  it  is  worked h| 
the  vapour  of  alcohol,  and  is  formed  on  the  plan  ofabsal 
engine,  with  two  short  cylinders  and  pistons,  calculated  la 
give  out  twenty-four  horse  power.  We  have  seen  it n 
operation,  and  it  performs  very  regularly,  making;  abasi 
Ihirty-three  strokes  per  minute;  the  eflectivc  force  ks4 
not  then  been  determined. 
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Bituminous  Vapour  Engim,  by  M.  <fe  Montgmf,  1 


It  appears,  by  the  Annates  de  Chimie,  wherein  ikis  ia- 
rention  was  first  mentioned,  that  it  had  been  actoallj 
constructed,  and  answered  the  purpos*.  Of  ihe  lastHSca- 
lioned  fact,  strong  doubt!4  may  however  be  rotcrtained, 
since  nothing  has  been  heard  of  it  for  the  last  three  yean. 
The  following  account  includes  all  the  informatioa  af- 
forded  by  that  journal,  which  will  nevertheless  furMk 
succeeding  experimentalists  with  an  outline  of  tbe  plas 
adopted  by  M.  de  Montg<Ty. 
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*'  This  engine  derives  its  power  from  the  vapour  of  pu- 
rified bUumen,  which  having  operated  upon  the  piston,  is 
conducted  to  (he  furnace,  and  used  as  a  combustible  for 
the  production  of  fresh  vapour.  The  furnace  and  the 
principal  part  of  the  machinery  are  contained  within  the 
generating  apparatus,  which  has  a  double  case.  In  con- 
sequence of  this  arrangement,  it  is  added,  that  vapour 
of  a  high  degree  of  elasticity  is  obtained,  free  from  dan- 
ger, and  the  bulk  of  the  whole  machine  is  only  a  fiftieth 
part  of  a  steam  engine  of  equal  power/* 


Gas'Power  Engine^  by  Mr,  B.  Cheverton,  oj  Ringdown^ 
near  Bristol.  1826. 

**  It  has  long  been  a  desideratum  in  practical  mechanics, 
(Mr.  Cheverton  observes),  to  possess  a  power  engine 
which  shall  be  ready  for  use  at  any  time,  capable  of  being 
put  in  motion  without  any  extra  consumption  of  means, 
and  without  a  loss  of  time  in  its  preparation.  These  qua- 
lities would  make  it  applicable  in  cases  where  but  a  small 
power  is  wanted,  and  only  occasionally  required.  They 
are  so  numerous,  and  the  consequent  saving  of  humaa 
strength  would  be  so  great,  that  the  advantages  accruhig 
to  society  would  be  immense,  if  even  the  current  expense 
were  much  greater  than  that  of  steam.  Such  an  engine 
should  also  be  actuated  by  a  force  so  concentrated,  and 
so  compendiously  appropriated,  as  to  occupy  but  little 
space,  and  bo  but  of  little  weight,  by  which  it  would  be- 
come applicable  to  locomotive  purposes.  If,  in  addition 
to  this,  the  consumption  of  materials  was  moderate,  we 
should  then  be  in  possession  of  a  mechanical  agent,  which 
would  enable  us  to  navigate  the  ocean  independently  of  the 
wind,  but  which  it  is  in  vain  to  expect  from  our  pre- 
sent means.  It  is  well  known  that  the  common  steam 
engine  satisfies  none  of  these  conditions.  It  is  true  thai, 
on  the  high-pressure  principle,  the  important  requisite  of 
great  power  in  a  little  compass  is  obtained,  but  it  is  not 
less  true  that  the  saving  of  fuel  is  comparatively  trifling 
1   havej  indeed,  been  long  of  opinion   that  little  of  this 
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effect  can  be  attributed  to  the  greater  elasticity  of  tW 
steam,  and  that  itariseschiefly  frumuccessorycircumstaaao. 

"  I  was,  a  few  years  ago,  led  by  these  views  to  tarss; 
attention  to  the  gases,  having  been  forcibly  Uruck  will 
the  prodigious  pressure  under  which  they  are 
of  being  generated.  Gunpowder,  the  fulminating 
ders  generally,  but  especially  that  remarkable  fluidg  a»* 
tane,  are  examples  in  point.  For  mechanical  piirpoi% 
a  gradual  production  of  gaa  is  of  course  to  be  ndoptsJ, 
The  evolution  of  carbonic  acid  gaa,  by  the  action  of  nt 
phuric  acid  on  the  carbonates,  was  an  obvious  cn^e.  Ob 
making  the  necessary  calculations,  this,  with  many  other 
means,  were  found  too  expensive,  because  the  »chcnieMi* 
braced  this  principle — an  expenditure  of  the  gaa.  It  be- 
came necciisary,  therefore,  to  take  into  consideration  ikom 
substances  which,  after  assuming  the  gaseous  fom,  coald 
be  fixed  again  in  the  fluid  state,  such  as  alcohol,  ether, 
turpentine,  &c.  These,  besides  boiling  at  a  low  tesp^ 
rature,  have  little  specific  caloric,  and  their  vapours  little 
latent  heat.  Dr.  Cartwright*9  much-neglected  cnfiae 
wai  recollected,  but  the  waste  of  costly  articles  was  ftot^ 
|»erhaps,  sufficiently  guarded  against.  The  idea  of  a  liquid 
body,  as  oil,  intervening  between  the  piston  and  the  tv 
pour,  naturally  suggested  itself.  This,  however,  is  nst 
altogether  new,  for  it  was  acted  upon  in  the  old  alaa* 
spheric  steam  engines;  but  the  circumstances  of  the  am 
require  a  modiOcation  of  the  plan,  since  the  object  b  aat 
so  much  to  cut  uH*  the  communication  between  it  and  the 
external  air.  For  this  purpose,  the  whole  cylinder  most 
be  filled  with  oil. 

^^  1  have  no  doubt  that  a  good  ongine  may  bn  co^ 
atructed  on  this  plan,  but  it  did  not  full)  meet  ray  views; 
it  was,  therefore,  with  no  little  pleasure,  tbat  I  road  the 
paper  laid  before  the  Royal  Society,  contalntii^  an  ac- 
count of  the  experiments  made  by  Sir  Hnmphrsry  Oavy 
and  Mr.  Faraday,  in  which  the  condensation  of  several  of 
the  gaaes  into  liquids  was  effected,  at  a  temperatara  and 
under  a  pret»ure  within  practical  limits,  proving  lkcr«^ 
tbat  some  of  those  gasos  to  which  my  attention  bad 
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consideration  conBrnied  me  in  the  idea  of  the  prtctica** 
bility  of  this  plan,  since  the  difference  of  temp^ratttrvrt* 
quired  to  produce  a  great  diflforence  in  the  cln^iic  fona  «f 
the  gas,  Is  but  a  few  degrees,  when  the  niiniiDum  el— ticity 
18  already  considerable.  The  project  of  an  engia«,  m9^ 
presented  in  the  figure  prefixed,  was  therefore  ■■ItM 
tially  completed ;  it  remained  only  to  adopt  a  mode  of 
alternately  healing  and  cooling  the  liquid  employed.  Se* 
veral  plans  suggested  themselves,  but  1  prefrr,  for  ito 
simplicity,  its  certainty,  and  the  ease  with  which  it  can  bt 
regulated^  the  method  which  will  be  inimediuirly  et- 
plained. 

"  Description  of  the  Cn^iMe. — The  Hgure  prcsaeatB  i 
vertical  section,  with  this  remark,  thul  a«  all  the  ^emak 
have  a  circular  form,  a  horizontal  section  lieconci  a** 
necessary.  It  is  proper  to  observe,  (hat  (he  disposition  •( 
the  parts  as  represented,  has  been  adtiptcd  solely  for  tW 
purpose  of  bringing  the  wholo  into  one  view.  The  engtae 
consists  of  a  duplication  of  parts,  viz. — aOy  two  rr-frigcn* 
tors  containing  cold  water;  h  bj  calorators  containing  hot 
oil ;  c  c  alternators  lined  with  wood,  and  filled  alternately 
with  the  hot  and  cold  medium,  dd^  generalor»|  cinmiI* 
ingufa  cylindrical  assemblage  of  capitUry  copper  ^sIm^ 
about  half  filled,  at  the  minimum  prcMure,  with  the  car- 
bonic acid,  or  other  liquid  employed — they  coakmuiicait 
with  the  upper  end  of  e«i  strong  copper  ga)ioii»eter*9  Vtmed 
with  wood,  nearly  full  of  oil,  at  the  minimum  elasticity  «f 
the  gas,  but  which,  at  its  maximum,  expoU  oeAfly  the 
whole  of  it  into  the  cylinder,  A,  in  which  works  i,  tWpi^ 
ton.  //,  solid  wooden  plungers,  n  n,  pipe:*  for  a  coostaal 
supply  of  cold  water,  o  o^  pipes  through  which  pu  is  ia 
the  first  instance  introduced,  and  oil  occasionally  injectf^ 
in  order  to  nupply  the  waste  ut  the  pinton  rod — they  an 
closed  in  a  particular  manner,  pp,  boards  floating  on  ihf 

oil;  ( ),  level  of  the  wnler  and  of  the  oil}  (— — fc 

level  of  the  separation  between  the  water  and  the  oil. 

*'  Action  </  the  Engine.— One  of  the  gaMnelers  beng 
nearly  full  of  oil,  and  the  generator  at(ach«rd  to  tit  witk 
Ihe  liquid  contained  therein,  being  reduced  to  ibc  lover 
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(einperaturey  tlic  elasticity  of  the  gas  is  then  at  its  mini- 
mum ;  i>ut  which  H'ili  at  all  times  be  very  considerable, 
especially  it'  the  carbonic  acid,  or  the  nitrous  oxide,  be 
the  liquids  employed  ;  a  flood  of  hot  oil  suddenly  descends 
upon  and  surrounds  the  generator  ;  instantly,  an  evolution 
of  gas  takes  place,  and  continues  till  its  density,  and  con- 
sequent elasticity,  produce  the  pressure  under  which  the 
liquid  ceases  to  boil  at  the  temperature  to  which  it  has 
attained.  This  increase  in  the  elastic  force  of  the  gas  will 
be  in  some  proportion  to  the  elevation  of  temperuture^ 
but  differs,  not  only  with  the  different  liquids  employed, 
but  with  the  same  liquid,  according  to  the  prior  pressure 
under  which  it  was  placed.  Meanwhile,  ihc  gas,  pressing 
ou  the  oil  in  the  gasometer,  causes  it  to  rush  into  the  cylin- 
der, carryini^  with  it  tlie  piston  that  works  therein  to  the 
farther  extremity.  The  duplication  of  the  apparatus  pro- 
duces the  return  stroke,  and  thus  a  movement  is  kept  up. 
But  to  effect  the  re-action,  the  elasticity  of  the  gai;,  which 
now  occupies  nearly  the  whole  of  the  gasometer,  must  be 
reduced.  For  this  purpose,  the  generator  is  flooded  with 
cold  water,  which  rises  from  below,  bearing  up  the  hot 
oil  on  its  surface,  to  the  place  from  which  it  descended. 
The  temperature  of  the  generator  and  its  liquid  falls,  the 
^s  condenses  rapidly  on  its  extensive  surface,  its  density 
as  rapidly  diminishes,  it  returns  to  its  lirst  elasticity,  and 
the  oil  regains  its  former  level  in  the  gasometer.  Again 
the  water  sinks,  and  the  hot  oil  descends,  and  thus  the 
same  vessel  becomes  alternately  a  boiler  and  a  condenser; 
in  one  case  generating  a  gas,  in  the  other  a  liquid.  To 
force  up  the  hot  oil  from  the  alternator  into  the  calorator, 
in  which  it  is  heated,  a  plunger  is  immei*scd  in  the  column 
of  cold  water  contained  in  the  refrigerator  ;  this  raises  its 
level,  and  consequently  the  level  of  the  column  of  water 
and  oil  with  which  it  is  in  equilibrio.  There  is  not  the 
ftiction,  concussion,  or  elaborate  workmanship,  which 
would  attend  a  piston  employed  for  this  purpose.  The 
specific  gravity  of  the  oil  being  less  than  that  of  water, 
there  will,  of  course,  be  a  difference  and  a  varying  differ- 
ence in  the  altitude  of  the  two  columns,  when  in  equili- 
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briOy  according  to  the  well-known  hydro«totic  prioclplai 
but  this  is  of  no  consequence.     The   plunj^r   nM  htm 
proportioned,  and  immensed  so  deep,  as  to  displace  a  hoif 
of  water  equal  in  volume  to  that  of  the  oil  elovatad,  fat- 
sides  what  is  required  for  the  raising  of  tis  ova  levrl 
Now  it  is  obvious  that  here  i^  an  opportunity  to  rcguUli 
the  power  of  the  engine;  for  the  less  (he  plunger  is  i 
(he  less  is  the  descent  of  the  hot  oil,  and  conseqa^otly  I 
of  the  liquid  is  exposed  to  its  influence  ;  a  governor, 
fore,  would  be  very  properly  applied  to  the  roovonwai 
the  plungers.     If  a  greater  power  be  required  thsn  w 
the  governor  is  at  the  extreme  limit  of  its  itifliirnce,  tkal 
ia,  when  the  generator  is  entirely  surrounded  with  haCod, 
it  may  be  produced  by  bringing  the  lamps  nearer  to  tfai 
caloratnr,  or  by  lighting  a  greater  numl>er  of  ihen.     If 
however  the  same  velocity  of  action  be  not  required  to  bi 
maintained,  the  engine,  possessing  in  itself  aaotiroe  of  mU^ 
regulation,  will   increase  in  energy  for  (lie  occaaioo  ;  b#* 
cause  the  slowness  of  the  strokes  allowing  a   looj^vr  InH 
for  the  beating  of  the  liquid,  its  tcmprruture  will  be  rmimi 
to  more  than  the  ordinary  degree,  for  this  must  be  alwa^ 
less  than   that  of  the  hot  oiK     The  extent  to  which  Ilk 
enlargement  of  the  power  nmy  be  carried,  and  the  facility 
with  which  it  may  he  cflectcd,  is  of  great  imporlaore  will 
respect  to  navigation,  and  will   be  duly   appreciated  by 
■those  conver<tant  with  the  subject.     The  limiu  of  tbiaex* 
tension,  and  the  safety  of  the  engine,  are  points  which  will 
be  discussed   hereafter.     It  should   be  observed    that  tkr 
action  of  the  plungers  must  be  a  little  in  advance  of  thai 
of  the  piston,  in   order  to  give  time  for  the  beating  aad 
cooling  of  the  metal  of  the  generator. 

<'  Remarks, — There  is  this  peculiarity  in  the  engine,  iJut 
it  has  neither  valves,  cocks,  nor  pumps,  nor  any  nH>VMif 
joint,  except  that  of  the  piston  und  its  rod;  beoce  ifeifi»> 
plicity,  and  consequently  the  cheapness  with  which  it  nay 
be  constructed.  The  room  which  an  eighty-horse  power 
engine  would  occupy,  would  not  probably  be  more  tbaaa 
cubical  space  of  seven  feet  dimensions,  so  fsr  aa  tbo  cylia- 
dcr  and  its  appendages  are  concerned.     It  woald  beqeilr 
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practicable  to  attach  a  guage  to  the  eng-iue,  by  which  the 
pressure  of  the  gas  n>ay  be  ascertained  ;  and  means  are 
devised  by  the  use  of  which  the  height  of  the  liquid  in  the 
{generator  may  be  known*  The  introduction  of  the  car- 
bonic acid  or  other  liquid  employed,  should  be  in  the  form 
of  gas.  For  this  purpose,  the  ji^enerator  must  be  brought 
to  a  lower  temperature  than  the  gasometer,  which  will 
occa<«ion  the  greater  part  to  condense  therein  ;  that  which 
may  form  in  the  gasometer  will  diHlil  over,  after  the  appa- 
ratus for  producing  the  gas  i<4  removed.  It  \s  also  for  this 
reason,  that  there  is  no  fear  that  an  accumulation  of  the 
liquid  wilt  take  place  in  that  vessel  during  the  working 
of  the  engine.  To  prevent  condensation,  however,  in  any 
liurtful  decree,  its  interior  is  lined  with  wood,  uud  a  board 
floats  on  the  surface  of  the  oil.  Another  plan  would  be, 
to  maintain  the  gasometer  at  the  higher  temperature  to 
which  the  liquid  is  raised  ;  but  this  is  by  no  mean^  advisa- 
ble, if  it  can  be  avoided.  The  board  is  also  of  iiuportant 
use,  in  preventing  the  absorption  of  gas  by  the  oil,  during 
the  greater  pressure  ;  which  being  evolved  at  the  time  of 
the  collapse,  would  prove  injurious,  by  diminishing  the 
difference  between  the  elastic  forces.  Oil  is  selected  as 
the  heating  medium,  because  it  is  lighter  than  water,  and 
has  its  boiling  point  so  much  higher.  It  is  probable, 
however,  that  two  hundred  and  twelve  degrees  is  a  tem- 
perature sufficiently  superior  to  that  to  which  the  liquid 
will  require  to  be  raised,  and  such  as  will  produce  its 
almost  instantaneous  heating;  if  ho,  hot  and  cold  water 
may  be  employed.  From  the  relative  position  of  (he  two 
mediums,  little  communication  of  heat  can  take  place. 
The  alternator  is  internally  lined  with  wood,  partly  to 
prevent  a  loss  of  heat,  but  principally  to  preserve,  as  much 
as  possible,  the  coldness  of  the  water.  In  a  locomotive  en- 
gine, the  water  could  only  be  occasionally  changed;  in 
the  intervals  a  cooling  process  may  be  at  work,  and  the 
plungers  would  perform  the  office  of  a  pump.*' 
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Gas  Motive  Efightey  by  Lieut. 'CoL  Torretis^qf  Croydon*  l^- 

This  is  another  very  recently  invented  apparatos  for 
olitainin!^  power  and  motion,  from  the  expansion  ofliquidi 
obtained  from  condensed  gases.     The  inventor  obserres, 
in   his  specification,  that  the  chief  difficulty   %hich  Mr. 
Brunei  and  others  have  met  with, in  constructing  appan* 
(us  for  obtaining  power  on  this  principle,  was  to  construct 
vessels  of  sufficient  compactness  and  strength,  to  prevent 
the  escape  of  the  gas,  and  at  the  dame  time  to  permit  th 
motion  of  pistons,  &c.    The  liquid  of  sulphuretted  h)dri> 
■gen,  at  fif\y  degrees,  has  been  found  to  produce  a  vapoor 
which  exerts  a  pressure  of  seventeen  atmospheres.    Fluid 
carbonic  acid,  at  thirty-two  degrees,  produces  vapour  ei- 
ertinff  a  force  of  thirty-six  atmospheres.     Nitrous  otiJe 
liquid,  at  forty-five  degrees,  produces  vapour  of  fifty  it- 
mo.spheres'  pressure  ;  the  vapour  of  ammonia,  at  fifty  de- 
grees, 65.  atmospheres  ;   muriatic  acid,  at  fifty  degrees,  40 
atmospheres,  and  chlorine,  at  sixty  degrees,  40  atmospheres* 
To  resist  such  pressures,  of  course,   very  strong  vessel** 
and  compact  materials,  are  essentially  necessary,  toprevent 
the  escape  of  the  subtle  vapour. 

Colonel  Torrens*s  plan  for  this  purpose  consists  of  tke 
following  arrangement.     On  a  furnace  is  placed  a  strong 
vessel  or  boiler,  which  is  partly  filled  with  the  condensed 
liquid  of  the  condensed  acid,  and  partly  by   the  vapoar 
arising  therefrom.     This  boiler  he  surrounds  witli  oil,  (or" 
other  suitable  matter),  contained  in    an   exterior  vessel, 
serving  as  a  medium  to  conve>  the  heat,  and  assisting  in 
preventing  the  escape  of  the  vapotrr.  The  working  cylia- 
der  and  piston  are  in  like  manner  surrounded  hy  anofb^r 
exterior  vessel,  containing  oil   under  great    pressure,  attfl 
it  is  connected  with  the  boiler  and  the  condenser  by  pas- 
sages and  valves,  similar  to   those  used  in  steam  engines. 
The  condenser  is  surrounded  by  cold  water,  which  liquifies 
the  vapour  after  it  has  passed  through  the  working  cylin- 
der, whence  it  is   forced  hy  a  pump  back  into   the  boiler. 
The  gas  in  the  upper  part  of  the   boiler  ia  forced  throufll 
M  pipe,  into  the  working  cylinder,  on   the  alternate  siJo 
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of  the  piston,  by  the  action  of  a  powerful  pump,  on  Bra* 
inah*s  principle. 

As  the  dilference  of  heat  between  sunshine  and  shade,  is, 
under  same  circumstauces,  sufficient  to  work  an  engine  of 
thi<(  kind,  a  furnace  as  before  mentioned,  in  the  ordinary 
conception  of  that  term,  is  not  required,  but  any  convenient 
means  of  communicating  a  slight  increase  of  temperature. 


Patent  Air  Engine^  by  R.  and  /.  Stirling^  of  Glasgow.  1827. 

Messrs.  Stirling's  machine  resembles  the  steam  engine 
in  the  construction  and  application  of  many  of  its  parts, 
such  as  the  cylinder  and  piston,  the  reciprocating  beam 
and  parallel  motion,  and  the  fly-wheel  and  crank,  as 
represented  in   Fig.  1.     Motion  is  communicated  to  the 


piston  in  the  cylinder,  o,  i>y  alternaiely  heating  a  portion 
of  air  connected  with  one  Bide  of  the  piston,  and  at  the 
same  time  coolin^^  that  in  connexion  with  the  other.  And 
this  is  eflccted  by  means  of  the  air  vessels  a  a,  one  of 
which  communicates  with  the  upper  part,  and  the  other 
with  the  lower  part  of  the  cylinder,  through  the  noslea 
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m  ;/i,  ihe  pipe  n  forming  the  communication  between  otr 
of  tlip  noslert  r«,  and  tho;  lop  of  the  cylinder.  Fij;.  *2»  re- 
presents a  section  of  one  of  the  air  vessels,  who^e  Ki(|p«arf 
cylindrical,  and  top  and  bottom  spherical.  This  airriMMfl, 
which  is  made  of  cast  iron,  and  supported  in  the  bricV 
work  by  the  projecting  ledg^e  //,  is  furnished  with  a  plunder, 
cCc\  The  top  and  bottom  of  the  plunger  is  made  ofstronc 
sheet  iron,  perforated  with  very  numerous  small  holes,  (a 
admit  the  air.  The  interior  of  the  plunger  is  filled  nilh 
very  thin  plates  of  sheet  iron,  so  bent  as  to  prevent  ihetr 
flat  sides  from  coming  into  contact^  that  the  air  may  bit? 
a  free  passage  between  them.  These  are  also  perforated 
with  small  hulen,  which  holes  are  placed  opposite  to  eflcb 
other,  but  so  arranged  as  to  cause  ihe  air  to  pass  thruufh 
the  plunger  in  a  zig-zag  direction.  The  patenters  stat(>, 
that  the  interior  of  the  plunger  may  be  filled  up  with  piece* 
of  brick,  gravel,  or  other  granulated  substance^  uwicad  uf 
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Hie  thin  sheet-iron.  The  plunger  is  formed  circular,  to  6t 
(he  lop  and  bottom  of  the  air  vessel,  when  drawn  up  and 
{own.  The  rim  cc  of  the  plunger,  which  moves  in  a 
lyliiidrJcal  receptacle  at  the  circumference  of  the  air  ves- 
»l,  as  represented,  is  not  perforated  as  the  other  part.  It 
B  kept  steady  by  the  spring  u  u,  consisting  of  a  belt  of 
|iin  sheet-iron,  attached  at  its  upper  edge  to  the  rim  cc; 
i  number  of  slits  are  made  from  the  lower  edge  of  the  belt. 
Id  admit  of  its  being  bent  outwards,  to  rest  against  the  air 
Vessel,  and  act  as  a  spring.  The  plunger  is  also  kept 
teady  in  its  ascent  and  descent,  by  the  plunger-rod  rf,  pass- 
tig  through  the  stuHTiiig-box  at  the  top  of  it^  case,  and  the 
^idc  rods  g  g,  which  work  in  the  guide  cases  1 1,  figs.  1, 
ind  2.  The  guides  are  fixed  to  a  ring  A/*,  which  is  at- 
bched  to  the  pluiigiT  and  the  plunger-rod,  by  the  arrasyy, 
bur  IN  number  ;  they  are  supplied  with  oil,  by  an  oil  cup 
Ind  stop-cock  at  the  top  of  their  ca^cs.  The  top  e  e  of 
lie  air  vessel  is  flanged  down  in  the  manner  represented 
It  k,  with  a  thin  ring  of  sheet  lead  between  the  flanges,  to 
keep  the  joining  air-tic^ht. 

'  The  lower  pail  of  the  air  vessels  is  heated  by  a  fire- 
place under  it,  and  its  upper  part  kept  cool  by  a  current 
>f  cold  air,  by  water,  or  by  other  means. 

The  plunger-rods  of  the  air  vessels  a  a,  fig.  1,  are  at- 
jlched  by  slings  to  the  ends  of  the  beam  i?,  so  that  the  mo- 
ion  which  elevates  one  plunger  in  one  of  t!ie  vessels  de- 
Kesses  that  in  the  other. 

I  When  the  plunger  is  raised,  the  cold  air  in  the  upper 
^rt  of  the  air  vessel  will  be  heated  in  passing  through 
jhe  interstices  of  the  plunger  in  its  ascent,  which  has  itself 
ieen  heated  on  reaching  the  lower  or  hot  part  of  the  ves- 
Ipl,  and  during  this  time  the  air  in  the  other  vessel  will 
Ih*  cooled,  bv  passing  Ihrongh  ihe  interstices  of  the  plunger 
Ih  its  descent,  which  has  itself  been  cooled  by  reaching  the 
ttpper  or  cold  part  of  the  vessel.  These  changes  of  tmi- 
^rature  are  fiirther  augmented,  by  portions  of  the  air 
being  alternately  changed  from  the  hot  to  the  cold,  and 
from  the  cold  to  the  hot  parts  of  the  vessels,  by  the  alter- 
Oale 
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Now,  ns  cue  of  the  air  vessels  is  connected  wilfi  the  lof, 
and  llie  olher  with  the  bottoui  of  the  working  c)liuUer«, 
there  will  be  a  motion  produced  on  the  piston,  by  the  il* 
ternate  application  of  the  expansive  force  of  heated  itr, 
and  this  motion  is  communicated  to  the  beam  v,  lhroQ|h 
the  piston  rod  and  parallel  motion  9,  and  to  the  coaned- 
ing  rod  at  the  other  end  of  the  beam,  and  the  crank  r,  lo 
the  fly-wheel  s  s.  On  the  axis  of  the  fly-wheel  i«  fixedao 
eccentric  /,  which  coniuiunicntes  motion  to  the  plungenia 
the  air-vesseU,  through  the  sy»lem  of  levera  I,  S,3,  4,  wd 
the  beam  v;  and  this  molioii  is  adjusted  bo  that  the  chaa^ 
of  the  pliin<;ers  shall  be  eflected,  whenever  the  piston 
reaches  the  top  or  bottom  of  the  c> Under;  thus  appl)iru; 
to  that  en<l  of  the  cylinder  where  ihe  piston  is,  the  hot 
air,  whichf  by  lis  increased  elasticity,  will  drive  the  piston 
to  the  other  end. 

The  diameter  of  the  nosles,  w,  is  one-fiflh  the  dii- 
meter  of  the  cylinder  o,  and  one-Hfteenth  of  Ihe  diumcter 
of  the  air  vessel  a. 

This  encfiiie  is  also  furnished  with  an  air-pump,  the  pi»- 
ton  rod  of  which  is  shewn  at  x,  for  condensing  air  into  the 
air  reservoir  w  w.  The  air  is  permitted  to  paw  throu|b 
self-actiii!;  \atves  into  ihe  nosles  m  m,  and  Iheiice  into 
the  cylinder  o,  or  the  air  vessels  a  a,  but  not  permitted  to 
return  from  these  vessels  or  the  cylinder  iulo  the  rester- 
voir,  which  h  also  provided  with  a  safety-valve  for  lli^ 
escape  of  superfluous  air,  when  more  is  pumped  in  than  i* 
necessary  (o  supply  the  air  vessels.  The  dianit^tcr  tad 
length  of  the  stroke  of  the  air-pump  are  half  those  of  lii« 
cylinder,  but  this  appendage  is  not  required  to  Ite  k^pl 
constantly  at  work. 

The  patentees  state,  in  their  specilication,  that  any  of 
the  permanent  gases  may  be  employed,  instead  of  atuMS* 
pheric  air.  They  tin  not  claim,  as  their  invention,  tbeap* 
pljcalioa  of  these  bodies  to  produce  motion;  but  mercl]i 
the  foregoing  arrangement  of  machinery,  for  applying  the 
elastic  force  of  gaseous  bodies  to  the  production  of  inotion 
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Patent  Air  Engine,  by  Messrs.  Parkinson  and  Crosaley,  of 
the  City  Road^  London.  \S2B. 

This  invention  is  another  modificntion  of  machinery  Tor 
rendering  available  to  useful  purposes  the  elastic  force  of 
air,  in'  the  const  ruction  of  a  motive  engine.  We  have 
seen  two  models  of  the«e  air  engines  at  work,  in  which 
two  distinct  arrangements  of  the  apparatus  are  introduced. 
The  operations  of  heating  and  cooling  the  air  are  per- 
formed 90  rapidly  by  them,  as  to  cause  one  hundred  and 
fifty  «itrokes  of  the  piston  in  a  single  engine  to  be  made 
per  minnte.  The  patentees  not  having  yet  co^ipleted 
their  experiments  on  the  large  scale,  we  shall  at  present 
confine  our  attention  to  the  specification  of  their  patent 
lately  enrolled,  from  which  we  make  the  following 
abridged  extracts. 

The  power  of  this  engine  is  derived  from  the  heating 
and  cooling  of  air,  in  an  air-tight  vessel,  which  the  paten- 
tees term  a  d^erential  vessel;  a  portion  of  this  vessel 
Iteing  exposed  to  heat,  and  another  to  cold,  externally. 
Inside  the  differential  vessel  is  placed  another  of  a  similar 
figure, called  a  transferrer;  (his  being  moved  from  the  hot 
to  the  cold  parts  of  the  differential  vessel,  and  from  the 
cold  (o  the  hot,  alternately,  transfers  the  air,  and  subjects 
it  to  tl>e  variations  of  temperature,  as  it  passes  along  the 
internal  surface  of  the  differential  vessel;  and  thus,  by 
the  expansion  and  contraction  of  the  air,  produces  force 
for  giving  motion  to  machinery.  The  patentees  do  not 
rlaim  to  be  the  first  discoverers  of  obtaining  power  by  the 
alternate  contraction  and  expansion  of  the  air,  by  (he 
processes  of  heating  and  cooling,  but  in  the  peculiarity  of 
their  method  of  effecting  it.  One  of  the  most  approved 
forms  for  this  purpose  we  shall  now  proceed  to  describe, 
with  reference  to  the  accompanying  drawings,  figs.  1  and  2, 
which  are  upon  a  scale  of  two-thirds  of  an  inch  to  the 
foot.  Fig.  1,  shows  a  front  elevation  of  so  much  of  an 
engine  as  is  necessary  to  explain  the  invention;  fig.  2,  is 
an  end  elevation;  and  fig.  3,  is  a  section  of  a  differential 


vessel  and  its  transferrer,  exhibiting  also  m  mode  of  heii* 
ing;  and  coolinsf  (he  differential  vessel.  The  sante  lellfr« 
in  each  figure,  where  I  hey  occur,  refer  to  (he  name  pari*. 
The  differential  vessel,  a  a,  is  of  the  form  of  a  hollow 
ryhnder,  with  close  convex  end^i,  of  such  a  length  M 
to  preserve  an  08*?ential  difference  in  the  temperalnrr  hr- 
twcenoneend  and   the  other,  and  nearly  one  half  of  it 


being  subject  to  a  hot,  and  nearly  ihe  oiber  half  to  a  cold 
medium.  The  veuel  hasi  q  stuffing-box  at  tliu  vnd/,  and 
fit  the  other  end  in  aii  opening  of  pipe  I  m,  or  /  n,  tor  the 
purpose  of  Ibmiing  a  communication  witli  the  working 
cylinder  and  pit^ton.  The  transferrer  b  6,  iit  in  this  in* 
stance  made  a  hollow  vessel,  air-tight,  and  so  muck 
aborter,  as  to  leafe  «  sufficient  space  in  the  differential 
29.  4  a 
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vessel  for  containing  a  volume  of  ajr,  which,  when  ex- 
panded by  heat,  and  passing  through  the  pipe  /mor  />, 
will  also  nil  the  working  cylinder,  and  force  the  pistoo 
from  one  end  of  it  to  the  other;  the  transferrer  is  also 
made,  only  so  much  less  in  diameter,  as  to  admit  of  iu 
being  moved  freely  from  one  end  of  the  differential  vessel 
to  the  other.  To  one  end  of  the  transferrer  is  fixed  » 
rod  €,  passing  through  a  stu (Ting-box  /,  for  (he  purpose 
of  moving  it  from  one  end  of  the  differential  vessel  to  the 
other,  thereby  causing  the  air  to  pass  in  a  thin  stratum 
against  its  hot  and  cold  parts,  alternately ;  thus  producing 
the  force  or  power  to  be  employed  against  the  working 
piston.  The  rod  </,  (fig.  3,)  which  is  fixed  on  the  upper 
part  of  the  differential  ves.sel,  is  intended  to  guide  the 
transferrer  in  its  proper  direction,  by  means  of  a  tnbe, 
which  is  inserted  in  the  upper  end  of  the  transferrer  for 
that  purpose,  the  lowrr  end  of  which  is  made  air-tight. 

A  diff*erential  vessel,  constructed  on  this  plan,  may  be 
applied  to  the  purpose  of  working  a  single  engine,  actinjr 
only  on  one  side  of  the  working  piston,  after  the  manner 
of  the  well-known  steam  engines  called  single  or  atmo-  I 
spheric  engines;  but,  in  most  cases,  the  patentees  prefer 
the  use  of  their  differential  vessels,  as  pointed  out  in  the 
drawings  fig.  1  and  2,  directing  the  power  alternately  on  I 
each  side  of  the  working  piston,  after  the  manner  of 
double  steam  engines.  Motion  is  given  to  the  transferrer 
by  means  of  the  eccentric  o,  in  the  shaft  p,  being  connected  I 
with  the  beam  r,  which  beam  is  connected  to  the  rods  t^ 
of  the  transferrers,  by  the  links  s  s.  The  working  cylinder 
H,  with  its  piston,  side-rods,  cranks,  shaft,  and  fly-wheel 
and  eccentric  motion,  are  the  same  as  those  commonly 
used  in  steam  engines,  and  therefore  require  no  particular 
description.  The  pipe  /  m,  communicates  the  differential 
vessel,  No.  1,  with  the  top  of  the  cylinder;  and  the  pipe 
Itiy  communicates  the  differential  vessel.  No.  2,  with  th^ 
bottom  of  the  cylinder;  the  operation  of  the  engine  will 
be  as  follows : — Supposing  the  eccentric  disconnected  frofn 
the  beam  r,  and  the  upper  parts  of  the  differential  veaeb 
heated,  and  (heir  lower  parts  cold,  and  the  traosferren  of 


the  two  differential  vessels  placed  by  hand  in  the  situa* 
tions  shewn  in  the  drawing,  and  the  volume  of  air  occu- 
pying- the  hot  part  of  the  differential  vessel  No.  2,  and 
being  increased  in  elasticity  in  proportion  to  its  tempera- 
ture, whilst  the  volume  of  air  in  the  differential  vessel 
No.  1,  is  occupying  the  coldest  part,  the  working  piston 
will  be  forced  upwards,  by  a  power  corresponding  with 
the  difference  of  elastic  force  of  the  air  in  the  two  diffe- 
rential vessels;  and  when  the  working  piston  has  been 
forced  to  the  top,  the  situation  of  the  transferrers  should 
be  reversed  by  hand,  so  that  the  air  in  the  differential 
veftsel  No.  1,  will  occupy  the  hot  part,  and  communicate 
itfi  force  to  the  upper  side  of  the  working  piston,  and 
thereby  produce  a  returning  stroke;  and  the  eccentric 
being  then  by  hand  re-connected  with  the  beams,  the  at* 
ternate  expansion  and  contraction  of  the  air  in  the  two 
differential  vessels,  will  keep  the  engine  in  motion;  and 
thus,  by  working  the  transferrers  the  same  way  as  the  valves 
iu  steam  engines,  the  engine  may  be  either  put  in  motion 
or  stopped.  For  the  purpose  of  heating  the  vessels,  the 
patentees  prefer  the  employment  of  inflammable  gas,  as 
it  may  be  easily  procured  in  all  the  principal  towns  in  the 
kingdom;  and  by  using  compressed  gas  in  portable 
vessels,  the  engine  will  be  better  adapted  to  locomotive 
purposes.  As  the  street  mains  during  the  day-time,  al* 
though  charged,  are  generally  charged  at  no  light  a  pres- 
sure that  the  supply  would  be  inadequate,  the  machine 
commonly  called  a  gas-meter  may  be  employed  as  a  ro- 
tary pump  for  obtaining  a  supply,  by  connecting  with  its 
axis  a  train  of  wheel-work,  with  a  spring  or  weight,  to  be 
Wound  up  after  the  manner  of  clocks  or  time-pieces, 
giving  to  the  meter  a  rotary  motion.  The  mechanism  of 
clocks  being  so  generally  understood,  it  is  unnecessary  to 
describe  it  here;  it  should,  however,  be  observed,  as  the 
axis  of  the  meter  is  below  the  surface  of  the  water  in  the 
meter,  one  end  of  it  should  always  project  through  a 
stulRng-box,  in  order  to  protect  the  mechanism  from  cor- 
rosion. The  instrument  called  a  gas-governor  should  be 
'  added  to  the  meter,  for  the  purpose  of  correcting  any  irre* 
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gularity  in  the  flow  of  the  gas.  The  patentees  do  not 
claim  by  this  patent  the  gas-meter  and  gas-governor,  nor 
their  corobinaiton  with  clock- work,  but  that  combinAtHm 
ef  the  gas-meter  with  clock-work^  or  with  the  g-as-goveriiM, 
for  the  obtaining  of  a  supply  of  gas  ftom  the  strM 
mains,  which  is  made  up  by  them  with  parts  nf  the  macki* 
nery  of  their  engine,  subject  to  the  rights  of  iho  pateutc^euf 
the  gas-meter  and  gas-governor.  The  use  of  gas  to  tbi^en* 
gine,  and  the  application  of  the  means  described  for  obtaift- 
ing  a  supply,  enable  the  patentees  to  furnish  a  comparl 
power  engine,  not  requiring  the  constant  attendance  of  a 
fire-man,  and  adapted  to  situations  where  sufficient  space 
could  not  be  appropriated  for  an  engine  requiring  b 
boiler  and  coal-house,  and  where  the  smoke  of  such  ep- 
ginea  might  be  deemed  a  nuisance. 

(FIG.  3.) 


A  mode  of  applying  gas  for  healing  the  differonlial  vf>- 
Wf\^  i»  shewn  at  fig.  3.     dd/i9  a  hollow  ring,  surrouadioi 
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tbe  dilRTential  vease),  and  communicating  wiih  ihe  tube 
by  which  the  gas  is  supplied;  this  ring  iri  perloruled,  for 
the  einisflion  of  jels  of  gas  to  flow,  when  igniledf  all 
around,  and  against  tlie  diiTerenlial  vessel,  or  nearly  8o; 
C  €,  u  an  iron  calling  for  directing  Ihe  heat  to  the  differen* 
tlal  Teasel,  which  casing  is  open  at  the  bottom,  for  the  ad* 
niiasioo  of  air,  having  aUo  an  opening  at  top^  to  serve  as 
I  ■  chimney  or  Hue;  h,  is  an  outer  covering  of  polished 
metal,  of  about  tw  o  or  three  inches  more  in  diameter  than 
the  casing  c  c^  for  the  purpose  of  lessening  tbe  radiation 
of  the  heat.  The  working  cylinder  A,  may  be  kept  hot 
by  means  of  a  current  of  heated  air  being  conducted  to 
it  from  the  flues  of  the  differential  vessels;  the  arrange- 
nKMit  for  which  being  so  easily  understood,  it  is  purposely 
omitted  in  the  drawings.  In  flg.  3,  1 1^  represent  the  dif- 
ferential vessel,  as  placed  in  a  cistern  of  cold   water,  with 

■  a  constant  current  running  in  at  the  bottom,  u,  against  the 
diflerential  vessel,  and  passing  off  at  the  top  v.  In  situa- 
tions where  a  sufficient  quantity  of  water  cannot   be  ob- 

■  tained  for  procuring  the  desired  effect  in  this  way,  other 
well-known  means  of  cooling  vessels  may  be  resorted  to. 

I      To  increasethe  power  of  the  engine,  it  in  proposed  to  in- 

■  crease  the  density  of  the  air,  by  a  common  forcing-pump 
worked  by  the  engines,  and  connected  with  the  differential 
vessels;  and  as  some  leakage  of  air  may  be  anticipated  at 
the  high  pressuresi  the  addition  of  the  pump  is  necessary, 
and  may  be  connected  with  the  differential  vessel  by  the 
tube^.  This  pump  should  be  provided  with  any  of  the 
well-known  means  of  adapting  the  length  of  the  stroke  to 
the  loss  of  air  by  leakage*  In  starting  the  engine,  this  pump 
may  be  disengaged  from  the  engine,  and  worked  by  hand, 
for  charging  the  differential  vessels  with  air  of  the  intended 
density.  A  safety-valve  should  be  connected  with  the 
differential  vessels,  and  adjusted  so  as  to  let  off  any  excess 
of  air  above  that  which  is  required.  The  speed  or  power 
of  the  engine  may  be  regulated  by  increasing  or  diminish- 
ing the  supply  of  gas,  or  other  source  of  heat,  by  connect- 
ing a  governor  similar  to  that  used  in  steam  engines,  with 
■  valve  or  stop-cock  in  the  pipe  supplying  the  gas,  or  wilb 
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a  damper  in  a  flue,  or  with  valves  placed  in  the  pip«9  Im 
and  /  n,  regulating  the  ingress  or  egress  of  (be  rariGed  air 
to  and  from  the  working  cylinder.  The  differential  vo- 
sefs  and  Iranaferrers  may  be  constructed  upon  the  same 
principle  in  various  forma,  either  cylindrical,  cubical,  or 
spherical;  and  they  may  be  placed  in  vertical,  inclined, or 
horizontal  positions.  The  patentees  mention  several  mo* 
ditications  in  their  specification,  which  it  is  unnecenarj 
here  to  describe.  The  deviation?  in  the  shape  will  of 
course  require  different  methods  of  applying  the  beat. 
The  patentees  do  not  confine  themselves  to  the  use  of  gm 
only,  as  the  source  of  heat;  in  some  cases,  even  steam  may  be 
adopted  as  a  medium  of  communicating  caloric ;  but  a  pre* 
ference  is  given  to  the  apparatus  particularly  described 
and  delineated  in  the  engravings." 


Design  for  an  Air  Engine^  by  Dr.  Amait.  1829. 

The  following  sketch  of  an  engine,  for  obtaining  the  ad- 
vantage of  all  the  expansive  force  of  heated  air,  as  well 
as  the  force  arising  from  the  semi-explosions  of  the  inflam* 
mable  gas  evolved  from  the  fuel,  is  extracted  from  Dr. 
Arnott^s  Elements  of  Physics,  vol.  ii,  part  1,  treating  of 
light  and  heat,  lately  published. 
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"  ir/'  says  the  designer  of  this  ingenious  apparatus, 
<^  we  suppose  a  6re,  a,  to  be  placed  in  a  grate,  near  the 
bottom  of  a  close  cylinder  d  a,  and  the  cylinder  to  be  full 
of  fresh  air  recently  admitted ;  and  if  we  then  suppose  the 
loose  piston,  g  d^  to  be  pulled  upwards,  it  is  evident  that 
all  the  air  in  the  cylinder  above  the  piston  will  be  made 
to  pass  by  the  tube  «,  through  the  (ire,  and  will  receive 
an  increased  elasticity,  tending  to  the  expansion  or  in- 
crease of  volume  which  the  fire  is  capable  of  giving  it. 
If  there  were  only  the  single  vessel  </ a,  the  expansion 
might  be  so  strong  as  to  burst  it;  but  if  another  vessel, 
b  c,  of  equal  size,  were  provided,  coraniuuicaling  with  the 
first  through  the  passage  6,  and  containing  a  close-fitting 
piston  cfy  like  that  of  a  steam  engine,  the  expansion  of 
the  air  would  act  to  liA  the  said  pititon,  and  by  meaus  of 
it  work  water-pumps^  or  do  any  other  service  which  a 
steam-engine  can  perform.  At  the  end  of  the  lifting 
stroke  of  the  piston  /c,  it  might  be  made  to  open  an 
escape-valve  for  the  hot  air,  placed  in  any  convenient  part 
of  the  apparatus,  and  to  cause  the  descent  of  the  blowing 
piston,  d,  to  expel  this,  while  a  new  supply  of  air  would 
enter  by  another  valve  into  the  cylinder  above  d.  The 
engine  would  then  be  ready  to  repeat  its  stroke  as  before, 
and  the  working  would  be  conttnuous«  as  in  a  steam 
engine.** 
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SECTION    VII, 


STBAM   BNGIlfBS. 


Under  this  head  we  incliKle  descriptions  of  a  vamftyof 
steam  engines,  some  of  which  are  of  a  standard  construe* 
tion,and  are,  undervarious3lightmodiGcBtion8,exteoatfeI) 
used.  A  second  portion  coneists  of  such  as  might  httc 
been  included  in  Mr.  Galloway*a  work,  oo  accooat  of 
their  curious  construction  or  instriasic  merit ;  and  tht 
third}  embraces  several  novel  inventions,  that  hate  be- 
come the  subject  of  patent  right,  since  the  concltiaioao^ 
the  preceding  history.  They  are  arranged  merely  ial^ 
order  of  their  dates. 


(Amsrican  Steam  Wheel.  1808.) 
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The  ubove  cut  represents,  in  section,  the  construction  of 
a  sleam-whecl,  invented  many  years  ago  in  America;  it 
derives  its  power  from  the  tendency  of  light  fluids  to  as- 
cend, uhen  immersed  in  those  of  greater  specific  gravity. 

Pig.  ],  exhibits  a  wheel  divided  into  cells,  and  placed 
under  heated  mercury;  or  that  mixture  of  eight  parts 
biamuih,  five  lead,  and  three  tin,' which  is  fluid  at  the 
temperature  of  two  hundred  and  twelve  degrees,  or,  where 
waste  of  fuel  and  loss  of  speed  are  no  great  objects,  placed 
aiider  boiling  water.  Each  of  these  cells  is  connected, 
by  any  appropriate  means,  with  a  steam  pipe^  so  that  each 
receives  the  steam,  when  at  the  bottom  ;  the  floating 
power  then  brings  the  other  cells  in  succession  to  be  filled 
wiih  steam,  and  the  wheel  is  then  put  into  full  action. 
Where  the  expansive  force  only  is  used,  (he  steam  escapes 
from  the  top  of  the  trough  ;  but  if  this  he  connected  with 
a  condenser  and  air-pumps  as  usual,  the  full  power  will  be 
obtained  from  the  metallic  fluids.  Each  cubic  font  of 
steam,  in  water,  will  give  about  sixty  pounds  of  power; 
tn  the  nielallic  mixture  about  six  hundred  pounds;  and 
the  velocity  with  which  this  supply  can  be  afforded,  and 
Ibe  height  it  can  rise,  will  give  the  remaining  elements  for 
calculating  the  power  of  the  engine  As  the  steam  will 
expand  as  it  rises  up  in  the  buckets,  no  more  should  he 
allowed  to  enter,  than  will  fill  (hem,  when  at  the  top  i>f 
the  wheel.  The  metallic  mixture  is  subject  to  oxidation 
by  the  hot  water,  in  some  degree  ;  but  it  may  be  easilj 
restored  again,  by  melting  the  oxide  under  tallow. 

When  water  only  h  used,  the  whole  machine  may  be 
made  of  wood,  in  the  form  of  a  common  bucket  water- 
wheel ;  a  steam  pipe  is  introduced  through  the  bottom  of 
the  trough,  just  under  the  side  of  the  whe<*l  v\here  the 
buckets  are  invented,  when  they  become  filled  with  steam 
in  succession,  and  thus  a  stream  of  steam  effects  as  much, 
bulk  for  bulk,  as  a  nlrcam  of  water. 

Fig.  2.  is  a  plan  for  a<lmitiing  the  steam  into  Ibe  pipes 

leading  to  the  cells  i  A  is  a   hollow  axis  c"»"i""">caling 

with  Ibe  steam  pipe;  a  is  one  of  the  riwht  hollow  arms 

through  which  the  stMm  pat<=;rs  to  the   cells,     c  is  a  stuf- 

29.  4» 


Fifif,  I,  is  a  aide  elevation,  and  fiff.  2.  an  end  elevation  ; 
the  letter?  of  reference  apply  to  the  same  parts  in  each 
figure. 

*  Mechanic's  Magazine,  vol  iv,  p.  t37. 
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a  a,  are  the  connecting  rods;  6  the  pump-rod;  c  cold 
water  pump-rod ;  d  hot  water  puiup-rod ;  e  throttle  valve; 
/'y induction  and  eduction  valves;  g  piston  rod;  h  fly- 
wheel; ir  crank  ;  /eccentric,  on  the  wheel  to  which  the 
pump  rods  are  attHcbed  when  the  engine  \s  employed  in 
draining  ;  the  dotted  tines  shew  (he  parnllel  niulioTi  at  the 
middle  and  bottom  of  the  stroke  ;  the  arrangfemenl  of  the 
levers  is  judicious,  and  possesses  considerable  novelty. 

Portable  High-Pressure  Engine^  by  Alex,  ChtisHe  and  Co, 
Sheffield.   1824. 

The  preft^nt  engine  we  have  selected  as  a  good  example 
of  an  effectivi  and  compact  high-presiiHure  engine,  and  ai 

(FIG.  1.) 


combining  nothing  in  its  arrano^enients,  but  what  ex 
rience  haii  found  to  be  useful.  Improved  modifications  will 
without  donbt  he  made,  but  they  will  for  the  most  pirt 
require  to  be  tried  by  long-continued  use,  before  theyca» 
bo  e$(abiished  as  improvements.  This  engine  is  one  of 
great  nlrnplicity,  and  is  manufactured  by  persons  of  dltiil 
and  experience  in  the  construction.  The  drdwini^  ai* 
taken  from,  and  represent,  an  engine  in  Mr.  Burdckin* 
anvil  manufactory,  at  Sheffield.  It  is  on  a  portable  plan^ 
and  is  calculated  at  only  two-horse  power,  though  it  per- 
forms a  greater  quantity  of  work  than  that  estimate  de- 
notes. It  is  employed  in  working  three  pair  of  large  bel- 
lows, and   ill   turning  an  enormous  grindstone,  used  tut 


(FIG.  3.) 
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g^rinding  ihe  faces  of  anvilo.  ^  i.t  .  ■,  ii.,tler  is  seven  inches 
in  diameter.  The  engine  is  worked  sixtv-six  hours  per 
week,  and  consumes  one  Ion  of  small  coal  or  cultn,  (value 
on  the  spot  5s.  'Id.)  and  one  thousand  two  hundred  gallons 
of  water  in  that  time. 

Reference  to  Engratiings* — Fig.  1,  represents  a  sidr  ele- 
vation of  the  engine.  Fig.  3,  a  front  elevation  ;  and  tig. 
3,  a  view  of  the  boiler  and  furnace. 

a  is  the  furnace  door,  b  the  furnace  ;  c  the  ash-pit  ;  d  the 
boiler;  e  the  atone  float,  (shown  by  dotted  lines)  for  re- 
gulating the  supply  of  water  to  the  boiler  ;  g  a  counter- 
balance to  the  ^oat;/a  flue,  which  returns  Ihe  flame 
and  heated  air  through  the  boiler  ;  A  the  steam  pipe,  in 
which  is  the  throttle  valve  i ;  7  the  nide  pipe,  in  which 
work  the  slide  valves  it  ir,  moved  by  the  rod  /,  Attached  to 
the  eccentric  m,  in  the  shaft  of  Ihe  fly-wheel  n.  000  are 
brass  stuffing  boxes;  p  the  upper  steam  entrance  to  the 
cylinder;  9  r  is  the  piston  rod,  working  through  the  bridge 
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»,  and  communicaling  with  the  crank  f,  by  Ihe  sid^  rod* 
uii,  formins"  a  very  simple  paraHel  motion  ;  vv  prdesiaU, 
8upportini(  the  main  shaHl,  the  revolution  of  which  givM 
motion  to  a  pair  ofbcvel  wheels,  and  thereby  to  the  jjovpr* 
nor  w,  the  expanding  or  collapsing  of  the  arms  of  which, 
raise:^  or  dopreRsen  the  collar  z,  and  acts  on  the  vbWp  i, 
throui^h  the  medium  of  the  lever  I,  and  handle  '2;  4  islb« 
pump  for  supplying  the  boiler,  through  a  feed  pipe  (not 
shown),  worked  by  the  rod  5,  and  eccentric  6 ;  7  7  are  iW 
metal  cheeks  of  the  frame.  8  is  a  metal  foundation  plate, 
under  which  is  a  small  cistern  (not  shown),  containing  a 
day's  consumption  of  water  for  the  boiler.  Al  the  hotiom 
of  the  side  pipe,  is  an  eduction  pipe  (not  shown),  from 
which  the  steam  is  discharged  into  tb«  cistern,  to  beat  the 
water  for  supplying  the  boiler,  after  the  »team  hu  per* 
formed  its  office  in  the  cylinder.  The  periphery  of  (he 
fly-wheel  is  round  in  its  transverse  section,  and  of  cast-iron: 
the  arms  or  radii  are  of  wrought-iron,  and  are  inserted 
into  the  former  while  casting.  From  the  foregoing,  it 
will  foe  needless  to  describe  the  operatiofi  of  the  engine. 


Improvement  on  (he  Hi^h- Pressure  Engine,  by  Mr.  J.  Pat- 

tisouy  of  EU wick  Colliery^  Newcastle -upon-Tynt,  lSi4. 

In  iho  abovementioned  year,  Mr.  John  Pattison  intro- 
duced a  method  of  applying,  to  the  high-pressure  eogiit, 
the  plan  of  condensation  used  iu  the  old  atmospheric  en- 
gine,  but  performed  ia  a  vessel  distinct  from  the  cylinder; 
the  experiment  was  made  upon  the  pumpiAg  engine  oi 
the  Elswick  Colliery,  and  proved  eminently  successful;  ft 
considerahle  saving  in  fuel  being  effected,  and  the  pre*- 
eure  upon  the  boiler  iieinf^  greatly  redueed. 

Mr.  Pattison  hud  heen  extensively  employed  in  tk 
erection  and  manaifomeiit  of  steam  engines,  as  they  are 
used  hy  the  coal  trade  in  the  ncighbourhotnl  of  Newcaf 
llf,  whore  the  Trevi.hick,  or  hi«h.pres.«.e  ...gine,  had 
bren  introduced  at  noveral  of  ih.  rolli.ries  fnr  the  pur- 
p««es  of  pumpin^r,vater  and  drawing  CO..U.  K<m.eofih«e  . 
•ii|C'nessoappl,od,had   beu.  under  .hi.  ma«agemenl  for    ' 


some  lu'.if.  (luring  which  it  rrequeitlly  occurred  to  him 
thui,  inbiead  of  discharviii<r  (he  slearu  into  the  atmii  * 
phere,  a  considerahte  increase  of  power  mii^ht  be  gainc^d, 
by  opening  the  clisthajgin*^  valves  into  u  close  vessel,  uiid 
throwing;  in  at  (he  sante  time  a  J4^t  of  cold  water,  so  as  to 
produce,  to  a  ceiiaiii  extent,  a  vacuum^  which,  of  course, 
WLOuld  so  far  ansi-il  the  allernalo  sides  of  ihe  piston,  and 
be  a  proportionate  real  increase  of  power.  The  difficulty 
of  pelting  (piit  of  the  air  generated  by  condensation, 
without  the  use  of  an  air-pump,  pie^cnted  itself  to  his 
mind;  but  some  experiments  which  he  made  on  what  is 
termed  high-pressure  Hteaiii,   together  with  his  obserta* 
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tions  of  the  way  in  which  the  common  atmospheric  etifioe 
cleani  the  cylinder  of  air,  confiraied  him  thai  the  idea  wu 
practicable,  and,  to  a  certain  extent,  beneficial.  With 
this  opinion,  he  mentioned  the  subject  to  his  emplo)rr, 
Mr.  Buddie,  who  thought  it  was  at  least  worth  tr^ia^; 
and  with  his  usual  liberality,  and  that  constant  encou- 
ragement which  he  always  afforded  to  the  improvefaent 
of  ficience,  requested  liiin  to  make  an  experiment  todetrr- 
mine  its  real  merit,  on  the  pumping  engine  at  Elswick 
Colliery.  The  cylinder  of  this  engine  is  thirty-one  iocba 
and  a  half  in  diameter,  the  piston  making  seven  eight-feet 
strokes  per  minute,  and  delivering,  at  each  stroke,  sixtj- 
four  gallons,  from  a  depth  of  fifty-five  fathoms.  Previously 
to  uiakinn;  this  experiment,  the  safety-valves  on  the  boiler 
were  loaded  at  34.7  pounds  per  inch,  and  the  boiler  con- 
Buiuiiig  sixty-nine  hundred  weight  of  coals  in  eight  hours 
and  a  half.  Mr.  PattiTion,  after  having  completed  and  set  to 
work  (he  condenser,  and  attached  a  pump  from  the  hot 
well,  to  food  the  boiler  (the  engine  going  at  the  same 
rate,  and  performing  the  like  quantity  of  work  in  the 
same  time),  the  pressure  on  the  boiler  was  reduced  to 
twenty-seven  pounds  per  inch,  and  the  consumptioo  of 
coals  to  forty-one  and  a  hulf  hundred  weight,  in  the  eight 
hours  and  a  i'ttilf.  Nothing  could  be  more  satisfactory 
llian  thrs  result,  and,  to  prove  the  nature  and  extent  of 
the  vacuum,  he  attached  a  mercurial  barometer  to  tbf 
condenser,  and  found  it  sustained  a  column  nC  mercU'V, 
uptm  nn  average,  of  fourteen  inches  in  altitude^  its  grc8ir«t 
hcijjht  being  about  tW(»nty-i\vo  inches. 

Since  carrying  this  into  effect,  Mr.  Patti^on  saj-s  hr  bis 
ntUichrd  a  double  condenser  to  ft  machine  for  diaariaf 
coiils,  v>|iich  brings  to  bank  live  score  carves  or  baskets  in 
tin  hour,  from  a  depth  of  sixty-six  fathoms,  drawing  twoat 
a  lime.     The  r*?sull  of  this  is  equull>  suti-^factorv  with  the 
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Litke  Mr.  Watt's  condenser,  this  one  requires  blowing 
through,  previously  to  starting;  but,  in  order  to  produce 
here  (he  maximum  effect,  the  injection  must  be  so  regu- 
lated as  not  to  cool  the  condenser  below  the  temperature 
at  which  the  shifting-valve  will  be  lifted,  once  every  dou- 
ble stroke.  In  the  pumping-engine  above-mentioned,  the 
quantity  of  cold  water  used  for  condensing  each  alternate 
stroke,  is  2.75  gallons,  from  a  Jack-head  cistern,  twenty- 
iwo  feet  above  the  condenser.  The  upper  discharging- 
valve,  and  the  one  for  the  injection,  are  buUi  lifted  at  the 
same  time;  but  the  bottom  discharging-valve  is  opened 
into  the  condenser,  a  little  before  the  injection,  which  ol 
course  lifts  the  shifting-valve,  expelling  the  air  previously 
contained,  at  the  same  instant  the  injection  is  thrown  in, 
when  a  vacuum  is  produced  of  not  less  than  twenty-two 
inches  of  mercury. 

It  will  easily  be  seen  that  the  injection  water,  together 
with  the  condensed  steam,  pass  down  the  sink  pipe,  and 
are  discharged  at  the  foot-valve  at  the  taanie  time  the  air 
is  expelled.  This  valve  is  kept  in  its  seat  by  a  weight 
and  lever,  which  are  nearly  equipoised,  and  which  readily 
admit  the  discharge  of  the  water  into  tlie  hot-well. 

Mr.  Pattison  observes,  that  it  may  be  objected  by  some, 
that  the  vacuum  is  not  constant  and  uniform ;  this,  indeed, 
must  necessarily  be  the  case,  from  the  niaiincr  in  which 
the  air  is  expelled  from  the  condenser  ;  but,  as  far  as  rc- 
g^ards  its  action  on  the  engine,  it  is  nnl  productive  of  the 
least  irregularity,  but,  on  the  contrary,  is  a  real  and  per- 
manent increase  of  power,  on  the  lowest  estimation,  of 
seven  pounds  per  inch,  and  that,  too,  without  the  draw- 
back of  any  additional  machinery,  beyond  raising  the  in- 
jectiun  water  and  lifting  the  valve. 


Patent  Steam  Engittes J  by  H'   Wigston,  of  Derl^.   1824. 

Two  cylinders  are  about  half  filled  with  fluid  metal,  in 
which  float  two  heavy  cylindrical  plungers,  that  are  of 
rather  less  specific  gravity  than  the  fluid  metal.  Steam 
is  made  to  operate  alternately  on  the  fluid  mt-tal  in  the 
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cylinders,  rai-'m^  one  of  the  phir»«;er-«,  und  allowinj;  lh« 
oihcr  to  descend  siniply  by  ihe  lorce  of  ils  own  weight; 
consequently,  the  power  of  the  enfcine  is  eqHal  (o  tit 
weio;lit  of  one  of  the  pluni^ers  added  to  llie  diflerenrr  pf 
flpecilic  gravity  between  the  other  plunder  nnd  the  duul 
metal  in  which  it  is  immersed.  The  follow iii^  de^cripiiDQ 
is  extracted  from  the  specitication  of  the  patent, 

Fi^.  1,  upon  the  annexed  cut,  represents  u  secliooof 
(he  engine,  taken  through  the  middle,  lo  ex plaiu  ila  in- 
ternal coiibitructioii.     Fi^.  2,  is  a  horizontal  plan  of  Ibc 


(FIG.  4.) 


(FIG.  3.) 


<ffllD' 


VIGfiTON   IS  STBAM   ENGINES. 


OTI 


I 


I 


t 


engine^  supposing  the  covers  of  the  various  cylinders  and 
levers  lo  be  removed,  to  fucilitute  the  explanation.  This 
engine  is  furnished  uilh  two  separate  weights  or  plungers, 
which  are  adapted  tu  be  moved  up  and  doivn,  similar  lo 
the  alternalin£(  motion  of  a  double-acting  steam  eiiiijinc. 

a  and  &,  fig.  1,  represent  txvo  cylinders,  or  cases  of  cast- 
iron,  which  communicate  freely  with  each  other  at  I  heir 
lower  extremities,  in  tlie  manner  of  an  in\erted  syphon; 
the  upper  extremities  of  these  cylinders  have  llanges,  which 
are  bolted  to  the  under  side  of  a  nosle-piece,  cd,  by  which 
means  the  upper  ends  of  the  two  cylinders  are  securely 
united  together.  The  nosle-piece  c  dy  has  cavities  or 
passages  formed  in  it,  for  the  admission  and  exit  of  stenni 
to  and  from  the  cylinders;  these  pnssages  form  a  right 
angle  in  the  nosle-piece,  nnd  terminate  in  oblong  slits  or 
openings  in  the  upper  surface  thereof,  as  represented  by 
the  dark  spaces  in  the  plan  fiij.  2,  where  the  opening 
marked  I,  is  shown  by  the  tlotted  lines  to  communicate 
with  the  upper  part  of  the  cylinder  b;  while  tlic  opening 
marked  2  is  sheun  by  the  dotted  lines  2,  as  communica- 
ting with  the  upper  pnrt  of  the  cylinder  «;  at  the  same 
time,  the  centre  or  middle  opening  marked  3,  passes  down- 
ward through  the  nosle-piece  c  rf,  and  conimnnicates,  by 
the  pipe  «,  directly  with  the  atmosphere,  when  the  engine 
is  intended  lo  be  worked  with  high  pressure;  otherwise 
•  he  pipe  e,  may  serve  as  an  eduction  pipe  lo  communicate 
with  the  condensing  apparatus,  such  us  is  generally  em- 
ployed in  steam  engines^  The  openings  1,  2,  3,  are  co- 
vered by  a  siiding-valve  5,  worked  by  a  rack  and  sector, 
the  spindle  of  the  latter  passing  through  the  side  of  the 
stean»-box y,  of  Hufiicient  dimensions  lo  ndmil  of  llie  sl[<]- 
ing  mtilion  within  it.  "^Fhe  steam-box^i  which  is  Ixtlled 
to  the  nosle-piece,  is  fiini^hed  with  a  lid,  serured  by 
»crew  holls,  for  the  couvetjience  of  gaining  access  to  (he 
Kliding-valve  and  apparatus  contained  in  the  interior  of 
the  box.  J/  repre-^enls  the  steam  pipe,  uhich  conveys  iho 
sicaia  from  the  boiler;  A  nnd  z  represent  two  metallic 
weights  or  plungers,  which  are  of  such  dimensions  as  to 
leave  about  halfitu  inch  space  entirely  round  tMthin  (he 
Cylinders  u  and  6,  but  the  rings,  (»r  hoops  represented  ia 
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the  phiiigei*s,  fit  the  interior  of  the  cylinder  iso  esaetlyfM 
mere])'  to  allow  of  (heir  sliding  easily  up  and  down;  ikt 
plungers  have  rods  k  /,  fixed  to  them,  which  pass  Ibrou^ 
stiifling-boxes  m  n.  The  operation  of  the  engine  is  « 
follows: —   • 

Suppose  the  plungers  k  and  i  to  be  at  rest,  and  upoo  « 
level  with  each  other  in  the  cylinders;  then  suppose  tbe 
curved  part  that  connects  the  two  cylinders,  as  tiell  m 
the  spaces  round  the  plungers,  to  be  filled  to  about  tlit* 
level  of  the  dotted  line  op,  with  any  fit  or  ponderoitt 
metal,  which  is  kept  in  a  Huid  state  by  the  application  «f 
heat  from  a  small  furnace.  In  this  situation,  we  will  sap* 
pose  the  steam-box  /,  to  be  supplied  with  steam  frua 
the  boiler,  and  the  sliding-valve  5,  to  be  in  suchapos* 
tiun  that  it  would  admit  the  steam  to  flow  freely  ihroufk 
the  passage  2,  before  mentioned,  into  the  upper  part  of  iW 
cylinder^/;  at  the  same  time  the  sliding-vatve5,woulde^tttl>* 
Hsh  a  communication,  through  the  passage  1,  before  dm* 
tioitcd,  between  the  upper  part  of  the  cylinder  6,  and  (be 
eduction  pipe  e;  in  this  situation  the  steam  would  descend 
by  the  sides  of  the  plunger  A,  and  would  operate  upon 
the  surface  of  the  fluid  metal,  to  depress  it  in  the  cyliiitltT 
a,  and  thereby  cause  a  corresponding  rise  of  the  fluid  me- 
tal in  the  cylinder  6,  which  would  pass  round  the  plun^ 
i,  and  destroy  the  equilibrium,  by  leaving  the  plunder  A, 
unsupported  by  the  fluid  metal;  and,  at  the  same  time,  it 
would  float  or  buoy  up  the  plunger  t,  in  a  certain  de^rrr- 
Thus  the  plunger  A,  would  be  caused  to  descend  with  a 
force  equal  to  its  own  gravity,  and  the  plunji^cr  t,  would 
be  caused  to  ascend  in  the  cylinder  6,  with  n  power  eqoal 
to  the  difference  of  specific  gravity  which  niii^hi  exist  be- 
Ixveeii  the  plunger  and  the  fluid  metal,  until  they  assumed 
(he  positfon  shewn  in  fig.  J,  at  which  instant  the  sliditi^ 
valve  would  be  moved  by  its  connexion  with  the  engine 
in  the  usual  manner,  so  as  to  reverse  the  order  of  comnm- 
nication  between  the  steam  passages,  and  thus  admit  the 
stoarn  to  How  from  the  steam-box  /,  into  the  npper*p«rt 
of  the  c)1itidor  fr;  and  at  the  same  time  to  establish  k 
commiinicatitMi  between  the  upper  pari  of  the  cylinder  a^ 
c;   in    this  slate,  the  steam  mhuU 


crxert  its  elastic  force  upon  the  surface  of  the  fluid  metal 
in  the  cylinder  6,  and  cause  it  to  descend  and  rise  in  tho 
cylinders,  leaving  the  plunger  i,  unsupported,  and  buoy* 
tng' up  the  plunder  h;  by  which  means  the  plunger  i, 
nould  descend  by  its  own  gravity,  at  the  same  time  that 
the  plunger  A,  would  ascend,  the  steam  escaping;  from  the 
upper  part  of  the  cylinder  a,  through  the  eduction  pipe  e; 
thus  a  continued  action  may  be  kept  up,  by  the  alternate 
ascent  and  de.scent  of  the  two  plungers,  which,  by  the  rods 
k  and  /  being  connected,  either  by  racks  upon  the  said 
rods  working  into  the  opposite  sides  of  the  periphery  of  a 
toothed  wheel,  as  shewn  by  the  dotted  circle  </,  in  tig.  I, 
or  Isy  the  rod*;  k  and  /  being  attached  to  separate  working 
beams,  furnif^hed  with  connecting  rods  and  cranks,  in  the 
ntunner  practised  in  other  steam  engines. 

Note, — If  the  eduction  pipe  €,  was  connected  with  tho 
usual  condensing  apparatus,  the  engine  would  be  capable 
of  performing  its  work  with  steam  of  a  less  degree  of  pres- 
sure, since  the  atmospheric  pressure  would  always  be  re- 
moved from  the  surface  of  the  fluid  metal  in  that  cylinder 
in  which  it  was  rising. 

Fig.  3,  represents  an  engine  adapted  to  operate  with 
one  plunger  only,  producing  the  cfiect  of  a  single-acting 
steam  engine,  such  as  are  in  general  use  for  pumping  or 
raisiug  water,  a  a  is  the  internal  cylinder,  which  is  formed 
with  a  close  hemispherical  bottom  at  c,  and  Is  cast  or 
otherwise  securely  connected  with  the  interior  cylinder 
6  6.  The  interior  cylinder  is  formed  open  at  bottom,  so 
as  to  communicate  freely  with  the  annular  space  c  c,  w  hirh 
w  left  between  the  two  cylinders;  this  space  ought  to  be 
equal  in  area  to  that  of  the  cylinder  6  b,  h  represents  the 
plunger,  of  such  dimensions  ns  to  move  easily  up  and 
down  within  the  interior  cylinder,  as  described  in  the 
former  engine;  k^  the  plunger  rod,  sliding  through  a 
siufting-box  m.  /,  the  steaui  box,  conlaining  the  sliding- 
valvc  5,  for  distributing  the  steam,  worked  by  a  rack  and 
■ector;  7,  the  steam  pipe,  proceeding  from  the  boiler  to 
(he  steam  box/.  The  passages  for  the  steam  are  shewn 
by  the  dark  parallelograms  in  the  plan  fig.  4,  where  the 
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t«  m  nftumtfd  by  the  dotted  pasu*c  1, 
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to  be  ia  tbe  pontion  represented 
by  ^^Sf  wmd  tbe  laweg  pArt  of  tbe  cvlinder  lo  be  occb- 
pie4  br  tbe  §mM  «et»l;  tbe  sliilieg-ielre  5^  being  in  9wh 
tbet  tbe  rtf  «o«li  fleet  freely  ihr^agli  Ibe 
Sf  iat«  tbe  aeavlar  tpre  ec;  at  the  same  tiu 
tbat  tbe  epper  pert  of  tbe  interior  cylinder  5  fr,  Had  a  free 
caHHBBBiBHtiM  vttb  tbe  coodeam^  apparalas,  fhroogh 
e;  ia  tbissitBation,  the  elastic  force  oT 


woeld  operate  to  depma  the  surface  of  the 
in  tbe  annnlar  space  <  c:  at  the  »»me  linie  tW 
iiuaaie  being  reinoTed  from  the  surface  of 
ibe  fletd  metal  niikia  the  iaterior  cylinder  6  by  it  woaM 
be  canned  to  descend  in  tbe  annular  «pace  e  e,  and  ronar- 
qeentJY  to  rke  within  tbe  cvliader,  uoijl  the  weight  of 
tbe  column  of  tuid  metal  became  superior  to  the  wei^t 
of  the  plunger  k  :  in  which  ca:4te  the  plunder,  w  ith  it^  rod 
i.  would  move  upwards,  and  carr^  one  extreiiiily  of  the 
worLtog  beam  of  the  engine  along  with  it,  so  aa  to  pre- 
pare the  pump,  uhich  i:»  supposed  to  be  at  tbe  oppoMte 
end  of  tbe  beam,  for  uaLing  an  effective  stroke.  Aa  aooa 
as  the  plunger  ib,  arrives  at  the  top  of  the  cylinder,  tbe 
motion  of  tbe  :sliding-valve  chan;;e3  the  direction  of  the 
steam  passage^  rau-^ing  the  stcrm  lo  enter  the  upper  part 
of  tbe  cylinder  6  b^  at  the  same  time  a  communication  t^ 
npened  between  the  annular  space  c  e,  and  the  conden!«iog 
apparatus,  in  which  situation  the  steam  ivoulil  press  upon 
the  surface  of  the  fluid  metal  in  the  cylinder  6  fr;  at  tbe 
same  time,  the  a(mo*5pheric  pressure  being  removed  fro« 
the  surface  of  ihc  niiid  metal  in  the  annular  spare  e  c,  the 
fluid  metal  would  be  caused  to  ascend  in  the  cylinder  6  b, 
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And  rise  within  the  said  annular  space,  (hereby  leaving 
the  plunger  A,  iin«upporlctl,  which  would  (hrn  descend 
b\  its  own  gravity,  and  carrt  (he  end  of  the  \vorkin<^  honm 
along  with  it,  so  an  to  produce  an  etfectivc  stroke  of  the 
pump,  and  be  cupiibte  of  raiisiii<>;  a  coluiiui  uf  water,  equal 
in  weight  (upon  the  pump  bucket)  to  the  plunger.  Thus 
>a  reciprocating  action  of  the  pluntrer  may  be  kept  up  as 
\ong  as  a  supply  of  steam  h  furnished  from  the  boiler. 
The  most  advauta^j^eouB  method  of  ke(.»ping  the  metal  in  u 
fluid  state  is,  by  carrying  a  Hue  round  the  lower  part  of 
the  cylinders  containinsj  the  metal^  this  Hue  bein*j  a  con- 
tinuation of  the  eiig^itie-boiler  flue,  by  which  meantj  any 
degree  of  heat  that  mi£;ht  pass  ofl*  from  the  boiler  flue  is 
advantageously  etn]]loyed. 

It  will  be  observed,  ili:U  there  i^  almost  n  total  absence 
of  friction  in  the  cylinders  ofthi^  engine,  which  will,  pro- 
bably, render  it  serviceable  as  an  engine  uf  small  power 
for  raising  water. 


Patent  Steam  Engine,  htj  the  Rev,  Moses  Isaacs,  of  Houndg- 
ditch,  London,  1824. 

This  invention  consists  in  a  mode  of  workin?  a  steam- 


boat engine  by  means  of  three  boilers,  in  such  a  manner 
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that  the  steam,  after  operating  in  the  engine,  u  retnrecd 
uncondensed  into  the  boilers,  and  is  thus  worked  cos 
tinually  over  again.  Thi»  ingenious  arrangement  istiuH 
described  in  the  specification. 

^^  ab  c  are  three  boilers,  b  being  placed  upon  o  c;  <{| 
beam,  made  in  the  form  of  a  scale  beam,  e/*  are  the  piston 
rods  (made  hollow)  with  rollers  at  the  top,  working  iqIIm 
gutter  or  groove  rr;  near  the  ends  of  the  beam  d^cou* 
netting  rods,  s  s,  are  suspended  to  the  same  beam,  wbidi 
give  motion  to  the  machinery  ;  y  z  are  two  cylinders,  ;)p 
are  feeding  pipes,  passing  from  the  boilers  a  b  into  (be 
cylinder  y\  and  q  q  are  also  feeding  pipes,  passing  firota 
the  boilers  c  b  into  the  cylinder  z.  This  method  of  coa> 
ducting  steam  is  applicable  to  large  vessels  on  wal^rfOr 
to  engines  on  land  ;  but  for  small  vessels  it  is  advisable  to 
conduct  the  steam  through  pipes  from  b  c,  into  cylinder  y, 
and  from  a  b  into  cylinder  z;  otherwise,  the  sudden  furciuf 
of  (he  steam  from  Ihe  boilers  a  6,  would  cause  a  srmII 
vessel  to  rock.  I  is  a  pipe  from  the  cylinder  y,  near  lb« 
bottom  of  the  boiler  r,  to  recover  Ihe  steam  from  the  cy- 
linder into  the  boilcl"  c;  ffi  is  also  a  pipe  from  the  cylinder 
jc,  into  the  boiler  a,  instead  of  the  usual  means  of  con- 
densinfr  it- 

*' A  is  an  oven,  or  trough,  or  grate,  made  in  the  form  cif 
a  half-cylinder,  moving  from  side  to  side  by  means  of  the 
rods  o  Oj  suspended  from  the  beam  </,  (acting  in  points  or 
centres);  the  ordinary  grates  or  ovens  may  be  used  h\ 
applying  shades  to  exclude  the  heat  from  the  boiler  a, 
whilst  acting  against  b  and  c;  in  the  same  manner  from 
c,  when  it  is  acting  on  a  &,  and  thus  continually  hotin* 
two  boilers  acting  against  one.  g  </,  are  ttvo  spriogtor 
rods,  from  the  beam  d  to  the  cocks  e  e,  on  the  feeding  pip« 
p  p  and  q  q.  The  fire,  acting  on  the  boilers  a  b^  aiiiM$ 
the  steam  to  lift  Ihe  piston  0,  and  consequently  deprofter^ 
the  piston/,  and  forces  the  steam  ft\>Mi  ihe  cylinder  i  into 
Ihe  bottom  part  of  Ihe  boiler  a,  through  the  pipe  m,  ond 
(vice  versa)  on  the  other  side  before  described;  any  flame 
or  heat  mny  be  used,  by  means  of  the  moveable  fire  or_ 
shade/* 
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This  plan  has  been  deemed  worthy  of  a  place  here,  not 
so  much  from  an  idea  that  in  its  present  form  it  will  ius 
found  to  answer  the  purpose  for  which  it  is  intended,  (for 
the  efifect  of  the  vibratin*^  furnace  on  the  boilers  a  b  and  c 
will  not  be  sufficiently  quick  in  coniniunicaling  heat  to  the 
one,  and  abstracting  it  from  the  other,  to  aflford  an  avail- 
able power  of  any  value,)  as  from  a  desire  to  furnish  the 
almost  numberless  ingenious  persons  whose  attentions  are 
devoted  to  the  improvement  of  the  steam  engine,  with 
hints  respecting  an  application,  which  to  them  may  suggest 
practical  plans  of  much  importance. 

Patent  Steam  Engine^  by  3l€ssrs.  Bon:€r  and  Blandy  of 

This  invention  is  intended  as  an  improvement  upon 
**  such  engines  as  condense  out  of  the  cylinder/*  It  con- 
sists of  a  cvlindrical  condensing  vessel,  surrounded  by 
another  air-tight  vessel  of  the  same  figure,  but  of  a  larger 
diameter,  and,  of  course,  leaving  a  space  between  it  and 
the  first.  From  the  bottom  of  the  first  vessel  a  tube  de- 
scends through  the  second,  tbirty-fuur  teet,  into  a  sjiullow 
cistern,  and  has  there  a  valve  on  one  side  of  its  lower  end, 
opening  outwards;  and  into  the  lop  of  tlie  same  vessel  the 
tube,  which  carries  off  the  steam  from  the  working  cylinder 
of  the  steam  engine,  enters  a  few  inches,  leaving  a  small 
space  between  its  circumference,  and  the  aperture  by  which 
it  enters,  for  the  passage  of  cold  water,  while  it  is  joined 
air-tight  to  the  external  vessel.  To  produce  the  conden- 
sation necessary  in  the  internal  vessel,  and  in  the  lower 
tube,  a  constant  stream  of  cold  water,  of  a  regulated  ex- 
tent, is  to  be  made  to  pass  through  the  space  between  the 
two  vessels,  and  over  the  top  of  the  internal  one,  by  the 
narrow  annular  aperture  between  it  and  the  steum  pipe, 
down  into  the  lower  tube,  where,  besides  condensing  the 
steam  which  has  entered  into  it,  and  the  internal  vessel,  it 
is  intended  to  act  by  hydrostatic  pressure,  superior  to  that 
of  the  atmosphere,  in  forcing  out  tlie  water  condensed  from 
the  steam,  along  with  itself,  through  the  lower  valve, 
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Tlic  patnilces  purpose  to  produce  the  supply  of  roU 
water  rt>r  llie  (lcsi<;ii  inentioiieil,  from  n  cistern  below  the 
level  of  the  con(leiisin<r  vessel,  by  a  tube  rishig^  up  fron 
the  fttriiier,  into  (he  bottom  of  the  space  between  the  two 
vessels,  wliicli  fonuin;;,  nitli  the  long  tube  before  meo- 
tionnl,  tl*e  two  le^  of  n  syphon,  will,  by  the  viell-knowit 
prifu'tple  of  1  hut  instrument,  convey  the  water  upwards, 
ovej'the  lf*}>  nfilie  inlernul  vessel,  as  ref|nire(l. 

The  tube  of  ^np|)ly  rises  from  near  the  botlom  of  ihf 
ijpiier  clstrni,  iiiid  from  it  at  that  part  a  pipe,  furni^brd 
ivilh  n  cock,  (lasses  across  lo  the  long  descending  tul>e;  it 
has  itself  also  a  cock  at  its  lower  end,  lo  regulate  thr 
snp|)ly  of  ualer  wjiicli  is  to  enter  into  it  from  the  cistera. 
The  nse  of  this  cross  pipe  Is  lo  set  the  apparatus  lo  work 
ftt  thr  contnicncenicnt  of  its  operations,  which  is  eflVcIrd 
(aHei' Inn  ini;  lillcd  the  vessels  and  tubes  with  steaai,  by 
oponin:^  the  communication  with  the  steam  pipe,  and  having 
ilteri'by  blown  all  Itieair  out  of  the  apparatus)  by  opening 
the  cock  of  the  cross  pipe,  u  hen  the  water  w  ill  run  directlj 
from  the  cistern  into  the  lon^  descending  tube  (which  bu 
an  enlari^ed  cavity  n  little  below  the  entrance  of  the  croa 
pipe,  to  increase  the  elFect  of  the  cold  water)  where,  uid 
in  the  lower  part  of  the  lon^  tube,  coming  in  coutact  iiitb 
the  steam,  it  will  inijlantly  condense  it,  cause  a  vacuamt 
or  an  approximation  tc  one  in  the  vessels  and  tubes,  which, 
on  again  closin>i;  the  cock  of  the  cross  pipe,  will  obli^  tb« 
water  from  the  cistern  lo  rise  through  the  ascending  tubr, 
(its  entrance  at  the  hattom  of  the  lon^  descending  tultc 
being  prevented  by  the  valve  placed  there  for  that  pur- 
pose,) fill  the  vessels  and  tubes,  and  thereby  set  the  syphon 
principle  to  work,  to  produce  a  stream  round  the  cbtera, 
through  the  vessels  and  tubes,  into  the  conduit  or  sewer 
at  the  bottom  of  all,  which  stream  being  regulated  by  the 
cock  of  the  ascending  tube,  sous  to  be  just  suHicient  for  the 
condensation  of  the  steam  which  meets  it  in  the  internkl 
vessel,  will,  in  the  opinion  of  the  patentees,  cause  that 
approach  to  a  vacuum  in  that  vessel,  which  it  is  ihcir  in* 
tention  to  produce. 

As  a  variation  from  this  plan  it  is  stated,  that  where  a 
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fttippty  of  water  can  lie  olituincd  tihovc  the  level  of  llic 

coiideiibin';  \ebsi*l,  n  ilcsceiidin;;  tuhe  niiiy  be  placed  fur 
ils  cotivc)aiicc  into  llie  l>uUoiii  of  tite  iiileriial  vessel,  iiw 
Mi*Uil  of  lilt'  asceiMl(ii<;  one  rroiii  I  lie  lower  cistern.  Alio* 
(her  variation,  of  less  C(»iis<M|ueiice,  coiisihls  in  ftM'niinj;  a 
iipck  l<»  the  tniwifilie  iiilomal  vessel,  eiicloHini;  (lie  sleain 
lube  as  before  nieiilioneilf  but  lia\  iii<;  liules  in  its  sides,  for 
the  passage  of  the  coUl  water  Into  the  inleriuil  vessel,  in* 
stead  of  tlie  narrow  annular  interval  between  (liat  tube 
and  the  top  of  the  vessel,  lir^it  directed  for  thai  purpose.* 
The  object  of  this  invention  is  unf|ue^lionably  iinpor* 
tani,  but  uc  fear  (he  apparatus  is  at  present  incomplete, 
as  there  does  not  appear  to  he  any  means  provided  for  re- 
moving the  air  extricated  from  the  water  and  steam. 

Patent  Steam  Engine^  by  Siwturt  Weihnan  Wright^  qf  Lam' 
beth^  Surrey.     1825. 

This  is  a  rotary  engine,  and  consists  of  a  flat  hollow 
cylinder,  placed  vertically,  within  which  another  concen- 
tric cylinder  is  made  to  revolve  on  an  axis,  hy  square 
valve:)  or  Haps,  which  are  fastened  to  it  by  close-jointed 
hinges,  and  open  from  it  at  right  angles,  so  as  to  occupy 
the  Hpace  between  it  and  the  external  cylinder,  during 
about  three-fourths  of  its  revolution,  and  vihich  arc  gra- 
dually closed  in  succession  by  an  inclined  plane,  that  pro- 
jects internally  from  the  rim  of  the  external  cylinder,  ex- 
tending; about  a  fourth  of  its  circuit,  and  coming  close  to 
the  revolving  cyltiuler  at  one  end,  where  it  forms  a  stop- 
piece,  that  lills  up  the  interval  at  that  part  between  (he 
two  cylinders;  beyond  which  stop,  (he  induction  steam  pipe 
enters  into  the  external  cylinder,  while  the  eduction  pipe, 
that  conducts  the  steant  to  the  condenser,  pusses  out  near 
the  other  extremity  of  the  inclined  plane.  The  llaps,  when 
closed,  lie  in  hollows,  made  to  fit  lhen>  in  the  rim  of  (he 
revolving  cylinder,  and  have  Hut  pieces  of  brass  placed  on 
studs,  near  to  their  ed*(es;  which,  being  pressed  outwards 
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Iiv  sprin;:;'^  tliat  lie  l>oliiiul  (hem,  form  what  niny  be  caUetl 
II  iiK'tiillic  jiiicKini;,  ut  llircc  of  llioir  :si(lcs,  while  the  thirii 
side  is  cfoseii  hy  tlie  accurate  fitting  of  the  hinge, sou 
Bl|{»^f»hor  1(1  prcvoiit  the  steam  passinsj  throuifh  helwpfn 
the  \alves  atiit  the  c) tinders  in  any  part.  The  possa^ 
lieluren  llio  re\oh  i(i<r  c)  litidor  and  the  stop  is  inadestcom- 
li*;hl,  hy  a  ihirk  piece  of  brass,  that  fits  close  to  the  rioiof 
the  lirsl,  and  is  received  into  a  cavity  of  the  lattffi  in 
which  sprins^s  arc  inclosed,  that  press  it  out  against  the 
rovolvinsy  cyliniier;  and  ihe  two  cylinder  are  iimile  to  Et 
bleani-ti'^ht,  at  their  circles  of  contact,  Uy  Iwo  flat  brfts 
rings,  one  of  which  is  fastened  to  each  side  of  the  revoli* 
ing;  cylinder,  by  screws  inserted  through  slots,  which  admit 
of  its  heiuir  moved  outwards  towards  the  fixed  cyliuder^ 
and,  beinn;  divided  into  two  pieces  across  its  diameter,  flat 
wedges,  which  arc  pressed  by  sprin«;s  into  the  lines  of  ib 
junction,  from  the  side  next  to  the  axle,  tend  alua)^  t» 
pre^  it  outwards  against  the  inner  rim  of  the  cxtrnuil 
fixed  cylinder,  and  keep  the  steam  from  passing  bj  it,  uut« 
withstanding  its  gradual  wear. 

The  valves  or  flaps  are  made  to  rise  out  of  the  cavilio 
that  contain  them,  after  they  have  passed  the  inclined 
plane,  hy  pieces  that  proceed  from  their  hinges,  nearly  ftt 
right  angles  to  their  backs,  which  point  towards  theaxlo 
when  they  are  closed,  and  which  come  in  contact  nilh  a 
roller,  whose  axis  is  fastened  to  the  side  of  the  fixed  cy- 
linder, when  the  flap  has  completely  passed  the  inclloed 
plane;  which  roller,  hy  jiressing  these  handles  backward's 
obliges  the  flaps  to  rise  upwards  across  the  annular  cavity 
l)etween  the  two  cylinders,  and  constitute  that  opposition 
to  the  steatn  wliich  causes  the  internal  one  to  revolve,  aod 
turn  round  the  machinery  that  is  connected  with  itsatte. 

The  Editor  of  the  Repertory  of  Arts  (from  which  wort 
llie  foregoing  account  is  chiefly  extracted)  observes,  that 
this  engine  "  very  much  resembles"  Mr.  Waller  Foreman's 
(describerl  at  page 272),  hut  that  Ihe  latter  is  inferior  toil, 
on  account  of  no  adequate  method  being  provided  for 
making  the  viiricus  moving  parts  steam-light.  The  writer 
evidently  alludes  to  the  omission  of  packing  to  the  fiap 


valves,  by  Captain  Foreman,  the  conical  form  of  which  he 
does  not  perceive  renders  packin*!^  iinneceiiisnry ;  and  it  is 
on  thii*  pecf/ftar  form  of  (he  valvt*s  and  case  the  Captain 
founds  his  patent  rig^ht.  Mr.  VVrij;hL*s  (Mi<rine  has  a  greater 
resemblance  to  several  other  engines  lliat  preceded  Cap- 
tain Foreman's  in  onr  account,  wherein  similar  valves 
arc  U!>ed,  possei^sing:  the  same  common  defect,  or  liability 
to  leakage  at  their  joints,  nhich  It  is  scarcely  possible  to 
prevent-  See  Cooke'ri,  page  lOi;  Chapman's,  paire  907; 
besides  several  others.  One  of  the  best  features  in  Mr. 
Wright's  engine,  is,  his  mode  of  packing  the  crevice  be- 
tween the  revolving  and  fixed  cylindei-<«,  by  the  brass  seg- 
inentA,  which  are  pressed  asunder  by  wedges  and  springs, 
forming  a  new  and  useful  application  of  the  principle  of 
Harton's  metallic  piston. 


lenient  Steam   E/igitie,  by   Captain    Hallidaijj  of  Ham^ 
Surrey.     1821). 

The  siram  engine  described  in  the  specillcation  of  this 
|iatent,  is  uf  the  rotary  impedes,  and  consists  of  a  wheel, 
liaving  a  deep  rin),  that  passes  through  a  case  of  larger 
dimensions,  which  embraces  a  portion  of  its  circumferrnce; 
and  from  that  part  uf  it  uhich  is  within  the  case,  valvea 
are  made  to  open,  that  tic  the  case  accurately,  and,  by  re- 
ceiving the  action  of  the  strum,  cause  the  wheel  to  revolve. 
The  rim  of  this  wheel  is  much  deeper  from  the  circum- 
ference tonard-t  the  centre,  than  its  thickness  ;  which  latter 
must,  however,  be  suflicicnt  to  contain  the  valves  within 
iU  sides,  so  that,  when  they  are  closed,  no  part  of  them 
may  project  beyond  (heir  limits;  these  valves  turn  on  a 
pivot,  that  noes  through  their  middle,  in  the  direction  of 
the  radii  of  Lfie  \iheel,  and  passes  through  the  substance 
of  the  rim,  towards  the  centre  of  the  wheel,  for  a  purpose 
that  will  be  explained:  the  valves,  when  turned  round, 
so  as  to  be  at  right  angii's  uali  tlie  rim,  mui^t  ht  (he  case 
exactly;  and,  for  this  purpose,  are  made  in  the  shape  of 
its  transverse  section,  which,  as  shown  in  tiic  drawing  uf 
the  specification,  is  a  parallelogram,  a  little  rounded  ut 
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ralves  within  the  cnvities  of  the  rim,  so  as  to  pass  throug^h 
the  apertures  without  obstruction,  should  Ihey  by  accident 
come  into  such  a  position  as  would  render  these  guides 
necessary. 

The  parts  of  the  case  that  are  below  the  waives,  or  be- 
tween them  and  the  centre  of  the  wheel,  fit  accuratelv 
to  the  sides  of  the  rim,  so  as  to  prevent  all  escape  of 
steam.  The  valves  are  made  to  turn  round,  to  he  at 
right  angles  with  the  rim,  and  back  again,  to  lie  flat  within 
its  substance,  by  the  lower  part  of  the  pivots,  which  we 
before  stated  passed  through  the  inner  part  of  the  rim  to« 
wards  the  centre;  from  this  part  of  the  pivot  of  each,  an 
arm  projects,  at  right  angles  to  the  valve,  having  a  rolle^ 
at  its  extremity,  which,  as  the  wheel  turns  round,  cornea 
in  contact  with  a  guide-bar,  flxed  to  the  frame  in  which 
the  wheel  turns,  which  bar  h  curved  sideways,  as  well  as 
in  Ibe  direction  of  the  arc  of  the  rim,  and  gradually,  as  the 
rim  turn9,  pushes  the  arm  into  the  plane  of  the  rim,  and 
by  this  causes  the  valve  to  turn  round  at  right  angles  to 
it,  and  occupy  the  transverse  section*  of  the  cavity  of  the 
case;  and  this  turning  out  of  the  valves  is  made  to  take 
place  by  the  proper  pos^ition  of  the  guide-bar,  just  ns  they 
enter  within  the  case;  and  they  are  brought  back  again 
to  their  first  posilioiH  wkliin  the  rim,  by  a  similar  guide- 
bar  at  the  other  side  of  the  wheel,  uhich  acts  on  other 
arms  placed  at  right  angles  to  the  first,  or  in  the  plane  of 
the  valves;  they  may  aUo  be  made  to  go  back  into  (ht;ir 
places  by  springs,  when  they  have  passed  the  fit^t-iniMi- 
tioned  guide-bars,  that  cause  them  to  expand,  and  keep 
them  open  as  long  ns  is  required.  The  case  is  represented 
es  being  fixed  to  the  upper  portion  of  the  side  of  the 
wheel,  and  in  a  vertical  position,  as  the  latter  of  course  is 
also;  and  the  pipe  by  which  the  steam  enters  into  it  from 
the  boiler,  is  fixed  to  the  cover  of  the  upper  extremity, 
and  when  the  steam  is  of  the  ordinary  pressure,  and  a 
condenser  is  used,  a  similar  pipe  passes  from  the  cover  of 
the  lower  end  of  the  case  to  that  condenser;  but  when 
highly-compressed  steam  is  used,  then  the  latter  pipe  M 
necessary,  and  the  lower  cover  itself  may  be  removed. 

The  number  of  the  valves  may   be  regulated   by   the 
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fancy  of  tho  engine  maker,  provided  it  be  such  that  two 
of  them  at  least  may  ahrays  be  at  the  same  time  withiD 
the  case,  as  the  wheel  revolves;  and  (heir  edges  ina\  be 
grooved  so  as  to  contain  common  packing^,  or  mrtallie 
packing  expanded  by  springs.  The  wheel  itself  turns  ou 
an  axle,  supported  by  sockets  attached  to  a  firm  fmnir, 
resting  on  six  pillars,  two  of  which  stand  directly  uiidec 
the  sockets;  one  of  the  ends  of  the  axle  is  prolofif«d 
beyond  the  frame,  to  form  a  connexion  between  the  wbri-l 
and  the  nitU  machinery,  which  it  is  intended  to  work^  and 
four,  six,  or  more  arms  or  spukes,  join  its  rim  to  the  nave 
or  centre  piece,  through  which  the  axle  passes. 

A  cistern  of  hot  oil,  made  to  fit  the  rim  of  the  wheel,  b 
so  f)laced  as  to  receive  its  lower  part,  and  being  kept  at 
the  sumo  heat  as  the  steam  used,  or  a  little  above  it,  b;  a 
furnace  properly  disposed  beneath  it,  will  botli  maintain 
the  wheel  ut  such  a  degree  of  temperature  as  will  pre- 
vent its  having  any  tendency  to  condense  the  steam,  and 
will  at  the  same  time  keep  the  rim  and  valves  nlwavs  lu- 
bricated, so  as  to  pass  the  case  with  facility.  The  boiler, 
condenser,  and  every  other  pari  necessary  to  complete  tb« 
engine,  are  of  the  commonly  approved  construction.* 

This  invention  of  Captain  llultiday*s  reflects  great  credit 
upon  his  inventive  tiUcnts;  the  mode  of  opening  and  clo- 
sing the  valves  for  exposing  theni  to,  and  wilhdrawtn- 
tlieni  from  the  action  of  the  steam,  is  highly  ingeaious; 
nnd  it  is  much  to  bo  regretted  that  so  honutiful  an  ope'm- 
tion  cannot  be  evidently  performed  for  any  considerable 
time,  on  account  of  the  dilliculty  of  preserving  the  essen- 
tiiil  parts  steam-tight,  and  that  the  superior  quality  o( 
workmanship  required  to  make  such  a  machine  in  (he  j|r>t 
instance,  must  prove  an  obstacle  to  its  adoption. 

AltlH)i)<^h  foreign  to  the  principal  object  of  ihis  work, 
we  may  here  mention  that  we  have  seen  a  pump  of  tht 
above  construction  operate  well,  with  an  economy  ot 
power;  the  valves  in  which,  not  touching  the  sidi-s  of 
their  case,  eniihled  a  rapid  motion  to  be  given  them,  witb* 
out  any  friction  in  those  parts. 
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Patent  Compound  Rotary  Engine^  by  /.  Evty  of  London. 

1826. 


Tins  invention  consists  in  some  peculiar  anJ  inn;cnioif% 
arrangenienU  for  the  employment  of  steam,  twice  over,  in 
two  distinct  rotary  engines;  in  the  first  of  which  the 
steam  is  used  at  a  hi^h  pressure,  and  in  the  second  allowed 
to  expand  to  low  pressure.  In  a  communication  to  the 
editor  of  the  Register  of  the  Arts,  the  patentee  observes, 

"The  difficulty  of  availing  ourselves  of  using  steam 
twice,  that  !:«,  first  as  high  pressure,  and  then  in  a  condun- 
sinu  engine  to  any  extent,  is  sufficiently  apparent  from 
the  following  considerations.  It  appears  from  Mr. 
Woolfe's  experiments,  that  steam  heated   to  balance  six 

I  pounds  to  the  inch,  wilt  expand  into  six  times  the  volunis 
under  atmospheric  pressure,  at  20  pounds  to  20  times^  at  40 
pounds  to  40  limes,  and  so  on. 

I  "Working  with  comparatively  so  low  a  pressure  as  40 
pounds  to  the  inch,  it  would  be  found  extremely  inconve- 
nient  to   use  two  engines  whos3  capacity  were  as  one  to 

I  forcy,  and  if  not  impossible,  would  appear  ridiculous,  if 
steam  of  200  pounds  elasticity  (which  is  quite  common  in 
the  United  Stales)  be  used,  as  (he  second  engine  wfuild 
be  twice  the  capacity  of  the  first,  which  in  this  extreme 
case  would  at  least  liEive  a  disproporlioiuite  appearance. 
All  reciprocating  engines  wilt  have  to  contend  with  this 
inconvenience,  or,  ralher,  can  only  avail  themselves  of  a 
partial  advantage  from  using  high  and  low  steam,  as  they 
have  to  work  stroke  for  stroke.     With  my  rotary  engine, 

■  the  full  lienefit  of  ihts  principle  may  be  appropriated;  as 
the  engine  that  acts  by  high  pressure  may  be  smaller  in 
the  first  instance,  and  then  the  engine  for  low  pressure 
may  be  made  to  revolve  so  much  faster  than  (he  first,  as 
to  allow  of  the  full  expansion  of  Ihe  steam  before  it  is 
acted  on,  for  the  velocity  may  be  carried  to  any  extent 
required,  without  inconvenience." 

Tl  e  followini:   f giiie  represents  an  elevation   of  Mr. 
Kve*s  '^compound  steam  engine/'     a  is  the  furnace,  con* 
SO.  ix 


taitiing  the  steam-generator,  or  boiler;  b  is  the  doBM  on 
the  top  of  the  steam  receiver,  with  the  isteam  pipe  e,  and 
safety  apparatus  m;  d  is  a  cock  and  pipe,  through  which 
steam  is  admitted  to  the  hi^h-pressure  engine  e;  aflrr 
having  acted  upon  it,  the  said  steam  parses  into  the  loW' 
pressure  engine  f,  constructed  on  the  plan  described  at 
pas^e  27^,  on  a  larger  scale,  so  as  lo  allow  the  6t earn  to 
expand,  and  then  act  upon  it  at  low  pressure,  e  and  ,/ 
have  pinion  wheels  of  an  equal  pitch,  gearing  into  a  spur- 
wheel  g;  these  wheel!<  determine  the  power  ?iven  lo  each 
eng'ine,  by  regulating  their  motion  wiih  reference  to  lb« 
power  required  from  each.  The  steam  finds  ita  escape 
at  z,  into  the  condenser  A.  The  condensed  steam  or  water 
runs  through  pipe  t  by  its  own  grarity,  towards  (he  tiro 
revolving  cocks,  whence  it  is  conveyed  hack  to  the  feed* 
ing  pipe  in  the  steam-generator,  v  is  an  engine  on  Ihf 
before^mentioned  plan,  having  two  induction  and  two 
eduction  pipes,  which  engine  serves  as  a  pump  in  this  par- 
ticular situation,  w  is  the  service-pipe  from  the  well, 
leading  into  tlie  refrigerator;  x  receives  the  water  in  the 
refrigerator,  and  carries  it  downwards,  p  U  the  bellows 
for  blowing  the  fire,  by  means  of  a  band  round  the  axle, 
connected  with  a  pulley,  o  is  the  valve  and  lever  of  ibe 
beliowi),  connected   by  the  rod  ri,  with  the  isafely  afipft- 
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ratus  ;  f  and  ii  are  pulleys,  connected  by  a  band,  lo  give 
rotatory  motion  to  pump  Vy  but  any  otlier  contrivance 
may  be  used;  /  is  a  cock,  which  i^  only  opened  before  the 
engine  is  set  to  work,  in  order  that  the  air  may  be  driven 
out  of  the  pipeg  and  condenser  by  the  steam ;  the  cock  may 
then  be  shut,  and  the  engine  set  to  work;  ^  is  a  pipe, 
leading  from  the  safety  apparatus  to  the  condenser; 
therefore,  if  an  engine  be  so  contrived,  and  tlie  boiler  be 
once  filled  with  water,  the  same  water  will  answer  for 
working  the  engine,  as  long  as  the  pipes  remain  sound,  or 
at  any  rate  with  very  little  loss  of  water. 


Patent  Steam  Engine^   by  Mr,  Thomas  Peck,  St,  John 

Street^  London.    J  827. 

The  principle  of  the  two  methods  for  producing  revol- 
ving steam  engines,  described  in  this  specification,  consists 
in  making  the  main  cylinder  of  the  eti^Lciuc  revolve,  by 
the  action  of  it^  piston  rod  on  a  fixed  axle,  placed  eccen- 
trically to  that  round  which  the  cylinder  performs  its 
revolution. 

In  the  first  ruelhod,  this  is  effected  by  suspending  the 
main  cylinder  on  hollow  axles,  that  project  at  right  angle* 
from  the  middle  of  its  sides,  oppo;aitc  to  each  othiT,  and 
through  which  the  steam  is  conveyed  from  the  boiler,  and 
passes  to  the  diH'erent  ends  of  the  cylinder  alternalely,  by 
pipes  that  ruB  along  the  sides  of  t}ie  hitter;  and  again,  by 
open  air,  (according  as  the  ejvgine  is  of  the  low-pressure 
or  high  pressure  species,)  by  (he  o])ri'ntioii  of  a  s]i<liiig 
box-valve,  which  is  moved  by  an  eccentric  wheel,  that  is 
turned  by  the  revolving  machinery.  The  cylinder  beijig 
thus  prepared,  a  toothed  ring  is  (ixed  vertically  round 
each  of  tlie  hollow  axltti,  with  its  centre  the  distance  of  a 
i|uarter  of  a  stroke  of  the  piston  from  them,  and  is  there 
fastened  iuHiioveubly  to  the  frame-work  that  suppoits 
them,  while  a  frame,  worked  by  the  piston-rod  in  its  own 
plane,  catries  two  vertical-toothed  wheels  at  each  of  iln 
extremities,  the  teeth  of  which  interlock  with  those  of  the 
iooibed  ring  at  its  opposite  sides;  and  connecting  ruda 
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being  passed  from  the  centres  of  these  wheels  lo  pivots  n 
the  rim  of  a  fly-wheel  that  turns  round  the  same  cenlrr 
as  the  cylinder,  it  follows^  that  when  the  piston-rod  eotpn 
the  cylinder,  the  two  wheels  at  its  farther  end  will  be 
forced  along  the  peripheries  of  the  fixed  rings;  and  u 
these  are  eccentric  to  the  hollow  axles  of  the  cyliuder, 
will  (by  bringing  the  extremities  of  the  latter  ahernatel; 
nearer  to  and  farther  from  their  centres,  while  at  tbc 
same  time  they  are  drawn  and  pushed  successively  by  the 
piston-rod,  towards  the  hollow  axles  and  away  from  them] 
cause  lh{^  cylinder  to  revolve  round  its  axles,  for  halfi 
revolution,  from  the  combined  effect  of  the  two  motiom 
ucLtiig  angularly  to  each  other.  In  like  manner,  whea 
ihc  piston-rod  is  pushed  out  from  the  cylinder,  the  two 
wheels  at  the  opposite  end  of  the  frame  that  moves  wit ll 
it,  will,  by  acting  on  the  fixed  wheels,  in  the  same  manner 
as  the  others  just  described,  have  a  similar  effect  on  the 
cylinder,  make  it  perform  another  half  revolution  in  the 
same  direction,  and  thus  cause  it  to  complete  an  entire 
revolution;  the  velocity  of  this  is  rendered  equibk 
and  uninterrupted  by  the  action  of  a  fly-wheel  at  eack 
E^ide,  which,  by  their  momentum,  continue  the  turning  of 
the  cylinder,  when  the  pietton-rod  moves  in  the  line  that 
passes  through  the  axles  and  the  centres  of  the  rings,  and 
when  of  course  the  force  would  otherwise  he  expended  in 
injuriously  impelling  the  two  centres,  either  towards  or 
from  each  other,  according  to  its  direction  ;  in  like  manner 
as  takes  place  with  the  crank  and  fly-wheel  in  common 
steam  engines. 

The  two  pair  of  wheels  at  the  end  of  the  piston-n.oved 
frame,  are  attached  to  these  by  axles  that  pass  through 
points  in  them,  one  fourth  of  the  piston  stroke  removed 
from  their  centres,  in  order  that  they  may  correspond 
with  the  eccentricity  of  the  fixed  rings;  which  being,  as 
before  noticed,  also  a  quarter-stroke  eccentric,  the  two 
eccentricities  added  together  are  equal  to  half  a  stroke, 
at  each  passing  of  the  revolving  and  fixed  cylinders;  and 
as  this  occurs  twice  in  each  revolution  of  the  cylinder,  iKe 
four  quarter-stroke  eccentricities  thus  keep  pace  with  ihtf 


I  • 


motion  of  the  piston,  so  as  ^o  produce  one  revolution  for 
each  stroke. 

There  are  thus  six  whcel^*  employed  in  producing  this 
motion,  alt  of  which  are  of  (he  same  size;  two  central 
wheels  that  are  fixed,  and  fottV  that  revolve  round  these, 
three  of  which  are  at  cucli  side  of  the  c)  Under ;  the  piston- 
Tiioved  frame,  that  carries  four  of  these,  (two  at  each  ex- 
ireniily,)  ha3  n  ring  nt  each  side,  that  encloses  the  fixed 
toothed-wheels,  and  is  so  much  larger  than  theni^  as  to 
allow  for  their  eccentric  po^itions^  and  escape  coming  in 
contact  with  them  in  any  part  of  the  revolution;  the  two 
prde«  of  this  frame,  and  the  three  loolhed-wheels  adjoin- 
ing to  each  of  them,  lie  between  the  cylinder  and  the  fixed 
frame  that  supports  its  hollow  axles. 

In  the  second  method  for  producing  the  revolution,  two 
or  nuire  steam  cylinders  are  fixed  by  gudgeons  between 
the  peripheries  of  two  fly-wheels,  at  equal  distances  from 
each  other,  witli  tlieir  piston-rods  extending  to  an  axle, 
eccentric  to  that  of  the  fiy-whcels  a  distaiice  of  half  a 
stroke;  the  gudgeons  and  the  nxle  of  the  fly-wheels  are 
hollow,  and  tubes  pass  between  them^  connected  to  the 
former  by  turning  joints,  made  iateam-llglit,  like  those  of 
cocks;  the  steam  is  conveyed  to  the  cylinder  by  these 
tubes,  and  by  others  that  run  along  their  sides  to  their 
rxtrcmities,  and  is  again  passed  otf,  either  into  (he  open 
air  or  into  a  condenser,  by  the  sume  tubes,  or  by  othera 
similarly  placed  at  the  opposite  sides  of  the  cylinders ;  the 
passages  between  these  tubes  and  the  boiler  and  condenser 
arc  opened  and  closed  by  sliding  box-valves,  moved  as 
recjuired  by  an  eccentric  wheel,  turned  by  (he  wheel-work 
of  the  engine.  The  axles  of  the  fly-Avheelsj  in  both  me- 
thods, afford  proper  situations  fur  the  primary  wheels, 
that  are  to  convey  the  motion  to  the  machinery,  for  the 
working  of  which  the  engines  are  required ;  and  when  the 
engines  are  to  be  first  put  in  motion,  the  fly  wheels  must 
be  turned  by  hand  for  some  distance,  until  the  force  of 
the  steam  commences  its  action  upon  the  revolving  appa* 
ratus.* 
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Patent  Steam  Engine^  by  R.Sluart  MeikUham.  Londbfi,19?7. 

This  invention  consists  in  a  method  of  generating ra- 
pour  or  gas  within  the  working  cylinder  itself,  produced 
by  the  application  of  a  Imated  fluid  niedium  inside  the 
piston.  We  have  reason  to  believe  that  the  project  vai 
•never  carried  into  effect,  except  in  a  small  model;  ne- 
vertheless, it  is  sufficiently  novel  and  specious  to  dcmanii 
a  description  in  this  work.  The  only  publication  hereto- 
fore containing  any  notice  of  this  patent,  is  the  Londoa 
journal  of  Arts,  from  whence  we  extract  the  followitig, 
though  not  very  clear  account ;  the  writer  of  which,  huw- 
ever,  complains  that  the  enrolled  specification  of  (he 
patent  is  very  deficient  in  clearness,  a  qualit),  which  oo 
one  who  knows  its  highly*talented  author*  would  su<rpccl. 

^' A  cylinder,  of  the  kind  commonly  applied  to  stean 
engines,  is  to  be  employed,  in  which  a  piston  works  up 
and  down,  as  usual.  In  the  upper  part  of  the  cylinder  i 
long  tube  is  to  bo  in^^erted,  within  which  the  rod  of  tb« 
piston  slides.  The  pi:ston  is  intended  to  be  made  hollov, 
with  three  horizontal  compartments,  if  we  underatand 
aright,  and  with  valvos  openini;  outwards.  The  rod  of 
the  piston  is  to  be  hollow,  and,  indeed,  have  several  small 
tulies  or  passa£;cs  extending  along  it,  from  end  to  end. 

^'  One  of  the  tubes  in  the  piston  rod  is  designed  to  con- 
duct melted  metal,  (such  we  presume  as  the  easily-fusible 
alloys,)  from  a  hot  reservoir,  down  to  the  central  com- 
partment in  Ihe  interior  of  the  hollow  piston,  and  another 
of  the  tubes  is  to  carry  the  said  niched  metal  up  afpun 
from  the  piston  into  the  reservoir.  Connected  to  the  ro4 
of  the  piston,  in  some  way,  there  is  to  be  a  small  injecting 
pump,  for  lliu  piirf)ot»e  of  forcing  this  melted  metal  donn 
one  t'ube,  through  the  chamber  in  the  piston,  and  up  the 
other  tube,  makini;  a  continued  circuit  of  Ihe  hot  metal 
from  the  reservoir  through  the  chamber  of  the  piston,  a> 
long  as  ihe  piston  is  in  action. 

^^  Another  tube,  passing  through  the  pision  rod,  is  de* 
signed  to  conduct  a  fluid,  whether  oil  or  Mater,  or  any 
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'thing  else,  which,  by  heat,  may  be  converted  into  an 
■elastic  vapour  org;as;  and  this  fluid  being*,  by  means  of  a 
.Small  pump,  connected  to  the  piston  rod,  thrown  upon 
the  heated  surface  of  the  chamber  within  the  piston,  ia 
immediately  converted  into  steam,  or  other  elastic  va- 
pour, and  passing  through  the  valves  into  the  cylinder, 
there  exerts  its  elastic  force,  And  drives  the  piston  as  in 
an  ordinary  steam  engine. 

*'  Supposing  the  piston  to  be  at  the  top  of  the  cylinder 
and  the  jet  of  fluid  to  be  then  injected  on  to  the  surface 
of  the  heated  chamber,  the  steam  or  other  ela.<tic  vapour 
generated  would  immediately  pass  Ihroui^h  (he  upper 
valves,  which  at  that  time  are  alone  permitted  to  open, 
and  exerting  its  elastic  force  above  the  pinion,  would  in- 
stantly drive  it  to  the  lower  end  of  the  cylinder.  Another 
Jet  of  the  fluid  being  now  thrown  upon  the  heated  cham- 
ber, and  the  lower  valves  at  this  time  being  alone  per- 
mitted to  open,  the  steam,  or  other  vapour  generated, 
passes  by  apertures  formed  through  the  healed  chamber, 
and  instantly  rushes  out  at  the  under  valves  into  the 
lower  part  of  the  cylinder,  and  accordingly  raises  the 
pidlon;  the  steam  or  vapour  in  the  upper  part  being 
drawn  away  through  eduction  apertures,  and  conilensed 
Ly  the  means  commonly  employed  for  that  purpose.  In 
thi^  way  it  is  intettded  to  generate  the  steiim  or  other 
clastic  vapour  within  the  piston,  and  to  discharge  it  into 
the  cylinder,  alternately  on  one  side  or  the  other  of  the 
I  istcn,  for  the  purpose  of  working  the  engine  reciprocally, 
amd  with  sutVicient  force  to  actuate  machinery  connected 
totheuppcr  endofthepiston  rod,  as  in  other  steamengines/^ 

Urgh- Pressure  ^^Safeh/*  Engine^  by  J.  Perkins^  of  Fleet 

Street.  London.   18S7. 

I  •  ' 

The  following  diagram  is  illustrative  of  a  new  fiiodifi- 
cation  of  a  high-pressure  steam  engine,  by  the  iikgenious 
Mr.  Jacob  Perkins;  the  pcciiliarities  of  which  will  be 
noticed  in  our  description.  It  should  be  understood  that 
the  figure  does  not  represent  all  the  details  of  the  engine. 
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^  the  piston  rod;  A  the  connecting  rod  to  the  crank  i;  ///, 
bcaring^s  in  which  the  shaft  turns;  m  is  an  eccentric,  which 
works  a  valve  placed  in  the  injection  tube,  leading  into 
the  condenser  n  ;  the  lower  extremity  of  the  condenser  is 
formed  into  a  box,  having  two  valves,  opening  outwards, 
into  the  expansion  vessel  o,  to  which  a  pipe  q  is  connected, 
leading  into  the  hot  wellp;  in  this  is  placed  a  force- 
pump  ty  worked  by  a  rod  attached  to  the  crank  v,  which 
forces  the  condensed  water  (temperature  about  100^), 
through  the  pipe  u,  into  the  generators  w  Wy  fixed  across 
the  furnace,  and  through  the  opposite  walls;  j:  is  a  lower 
and  third  tier  of  pipes,  similar  to  the  others,  but  employed 
to  allow  the  water  from  the  former  to  expand  into  steam, 
after  it  has  acquired  suflicicnt  power  to  overcome  the  pres- 
sure of  a  heavily  loaded  valve.  From  the  pipe  .r,  the  steam 
passes  into  a  large  vertical  chamber  |/,  and  from  thence,  at 
regular  intervals,  a^ong  the  pipe  s,  into  the  working  cvlin- 
der.  The  separate  figure  J  shews  one  of  the  pipes,  (the 
same  as  those  al  iv  and  .r,)  in  perspective.* 

From  the  foregoing  it  will  have  been  noticed  that  this 
engine  has  only  what  is  termed  n  single  action,  the  steam 
being  admitted  on  one  side  of  the  piston  only;  and  (hat 
the  principle  of  heating  water  in  very  strong  vessels,  under 
a  high  state  of  pressure,  as  in  Mr.  Perkins's  former  patent, 
is  still  adhered  to. 

The  internal  diameter  of  the  principal  portion  of  the 
cylinder  of  the  engine  we  saw  at  work  in  Water  I^ne, 
Kieet  Street,  is  about  eight  inches,  but  the  lower  end  ia 


enlarged,  as  shewn  at  a  a,  in  the  above  cut,  into  a  cylin- 
drical chamber  of  nine  or  ten  inches  in  diameter,  and  about 


*  A  section  of  this  boiler,  with  a  description  ofiif  more  in  detail,  M 
gHrcD  at  page  39B. 
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six  inches  deep,  for  the  reception  of  the  piston  at  thecal 
of  the  stroke,  which  takes  a  range  of  about  20  incboL 
The  steam  is  admitted  into  the  top  of  the  cylinder,  at  a 
pressure  of  ei^hi  hundred  pounds  upon  the  A<|uare  iocli; 
and  when  the  piston  has  deecended  through  one  ei^htb  t.i 
the  length  of  the  cylinder,  the  supply  is  cut  off,  so  thai  ib« 
remainder  of  the  stroke  is  effected  solely  by  the  expanviun 
of  the  steam.  Wlien  the  piijton  has  reached  the  boli»ai  ur 
enlarged  part  of  the  cylinder,  the  steam  rusbea  past  it, 
through  the  condenser,  into  the  expansion  vesel,  wbm 
the  whole  of  it  expands  to  atniospheric  pressure.  Tb« 
valves  at  the  lower  part  of  the  condenser  (before  men- 
tioned), now  close  by  their  own  gravity,  at  which  io«tiUil 
a  spray  of  water  is  injected  into  the  condemer,  by  wbicb 
the  remaining  steam  is  Liquefied,  and  nearly  a  perfect 
vacuum  effected.  The  water  thus  reproduced,  is  hlowo 
into  the  expansion  vessel,  along  with  the  steam,  at  ib« 
next  down  stroke  of  the  piston  ;  the  water  running  dotiB 
into  the  hot  well,  to  he  returned  to  the  generators  by  tb« 
action  of  the  force  pump,  while  the  steam  eucapes  by  a  li- 
teral tube  into  the  chimney  of  the  furnace.  The  upwari 
or  return  stroke  of  the  piston  is  etfectcd  by  the  mowentua 
given  to  the  fly-wheel,  and  to  prevent  any  resistance  to  ike 
ascent  of  the  piston,  which  might  be  caused  by  coodeaad 
steam  above  it,  there  is  a  small  valve  in  the  piston,  which ii 
opened  when  the  latter  reaches  the  bottom  of  the  cylinder; 
therefore,  whatever  uncondensed  steam  nay  remain  In  tht 
cylinder  above  the  piston,  has  free  passage  from  the  latter 
to  the  under  side,  thus  occasioning  no  obstacle  to  its  ascent 
At  the  termination  of  the  upward  stroke  of  the  piston, 
this  little  valve  is  closed  in  like  manner,  by  striking  agaivl 
the  top  of  the  cylinder,  ^o  that  the  next  charge  of  steaa 
introduced  into  the  cylinder  may  not  be  diminished  in  it^ 
eifect. 

The  piston  employed  in  this  engine  was  described  a  of 
the  metallic  kind,  but  of  a  very  peculiar  nature  ;  the  ar- 
rangement of  its  parts  connistod  of  a  series  of  expanding 
rings,  bul  formed  of  a  peculiar  alioy^  which  Mr.  Perkins 
•tnled  he  had  found  to  require  neither  oil,  tallow,  Qor  m; 
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lubricating  material  whatever,  to  reduce  (he  friction  ;  so 
far  Trotn  this  bein^  necessary^  it  was  asserted,  that,  by  the 
workin:^  of  tiie  piig;iue,  the  rubbiiif^  surfaces  of  the  piston 
and  cylinder  became  so  highly  polished,  as  to  reduce  the 
friction  considerably  below  that  of  the  ordinary  metullic 
packing,  when  oiled  !  We  mention  this  circumstance,  in 
order  to  remove  the  false  impression  which  such  a  public 
statement  was  calculated  to  produce,  it  being,  we  believe, 
a  well-authenticated  fact,  that  the  pintuns  made  of  this 
"  peculiar  alloy,*' did  not  wear  well,  and  that  it  was  found 
necessary  to  have  recourse  to  oleaginous  matter,  to  lubri- 
cate them. 

One  of  the  principal  difficulties  that  Mr.  Perkins  had  to 
contend  with,  in  u»ing  steam  at  such  high  temperature, 
was  the  carbonising  of  the  oil  or  grease;  the  '^peculiar 
alloy"  piston  was  therefore  introduced,  to  overcome  this 
difficulty,  and  we  regret  that  the  success  of  this  contri- 
vance was  not  commensurate  with  the  expectations  of  the 
inventor. 

By  the  novel  arrangements  we  have  described,  Mr.  Per- 
kins calculated  that  he  saved  full  half  the  fuel  usually 
employed,  and  that  by  this  mode  of  condensing  the  steam, 
as  perfect  a  vacuum  was  effected,  as  in  Bolton  and  Watt*s 
condensing  engines,  with  a  great  saving  in  the  consump- 
tion of  water,  and  without  the  necessity  of,  or  the  friction 
attending  an  air  pump.  Mr.  Perkins  has  not  hitherto,  by 
any  satisfactory  tests,  proved  the  power  of  one  of  these 
engines,  and  without  such  a  datum,  it  is  impossible  to  es- 
timate the  economy  or  advantage  of  them  ;  much  credit  is 
nevertheless  due  to  that  gentleman  for  his  varied  efforts 
to  increase  the  power,  and  thereby  augment  the  utility  of 
this  important  machine. 

The  preceding  diagram  of  Mr.  Perkins*8  new  high- 
pressure  engine  was  drawn  with  a  view  to  explain  its  mode 
of  action  at  one  view  ;  the  proportions  and  relative  situa- 
tions of  some  of  the  parts  are  not  strictly  correct,  and  as 
the  engine  is  one  of  considerable  elegance  and  simplicity, 
we  annex  a  copy  of  a  drawing  before  us,  which  has  been 
prepared  to  the  scale  underneath  it.     It  represents  an  ex* 
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through  the  pipe  C  D,  by  a  valve  at  E.     At  F  in  a  cam, 

which,  by  the  rotation  of  the  main  axis,  operates  throii«;h 
the  medium  of  a  lever  G,  and  a  rod  S,  upon  the  valve  Ki 
arrHDgements  being  made  for  cutting  oft*  the  steam,  m  any 
point  of  the  stroke.  K  is  another  lever,  Mfhich  beinj;  ope- 
rated upon  by  another  cam*  opens  a  cock  at  each  revo- 
lution, by  which  a  jet  of  cold  water  h  thrown  into  the 
condenser  I.  N  Is  the  condensrr.  The  dcscri-ption  of  the 
preceding  diagram,  at  page  71-1,  reiidin's  further  explana- 
tion of  this  Hgure  unnecessary,  in  which  the  accompanying 
scale  gives  all  the  due  proportioin.  The  power  of  the 
engine  was  calculated  by  Mr.  Perkins  at  30  horses,  but 
it  was  not  satisfactorily  proved  to  produce  such  cfl'ects. 


I 


\ 


Patent  Steam-boat  Engine,   by    Jacob    Perkins^  of  Fleet 
Street,  iMndoit.    IS27. 

This  engine  is  a  nioditication  of  the  engine  described  in 
the  preceding  article,  and  adapted  to  steam  navigation. 

Fig.  I,  represents  an  elevation  of  one  side  of  the  engine, 
in  which  a  is  the  cylinder  ;  b  the  steum  valve;  c  the  con- 
necting rod  to  the  piston  rod  d,  and  the  crank  e,  on  the 
main  shafty,  which  turns  in  phimmur  blocks  g  g  \  h  shews 
the  enlarged  end  of  the  c)liiider,  which  is  in  this  instance 
at  the  top  of  the  c)linderf  instead  of  at  the  bottom,  as  in 
the  former. 

Fig.  2,  shews  a  continuation  of  the  engine,  with  parts 
corresponding  to  those  described  in  section  ;  the  steam 
valve  in  which  being  too  diminutive  for  explanation, 
is  described  in  fig.  3,  (page7l[>)  where  a  represents  a  lever, 
having  its  fulcrum  at  ^;  (his  lever  is  operated  upon  by 
the  revolution  of  a  cam  on  the  main  shaft  (/,  fig.  I) 
causitig  it  lo  draw  back  the  rod  b,  of  the  valve,  at  which 
the  steam  from  the  £»enerators  (before  described)  is  ad- 
mitted by  the  tube  A,  and  rushes  throu^^h  the  pipe  e,  into 
the  working  cylinder  c.  The  <louble  couic-iil  joint  which 
connects  the  pipes  is  here  represenled  as  screwed  together 
by  the  bolts  d  d,  which  enter  the  metal  of  the  cylinder. 

In  this  engine,  Mr.  Perkins  purposed  to  use  the  steam 
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(FIG.  3.) 


m 


being  at  top,  where  the  egresgion  of  the  steara  takes  place. 

In  the  engine  from  which  Ihpsc  drawings  were  made,  ihe 

listons  were  six  inches  in  diameter^  and  had  a  twenty-inch 

ike;  the  power  was  hence  calculated  at  thirty  horses 

twer,  or  fiAeen  to  each  cylinder ;  and  Mr.  Perkins  offered 

guarantee  to  double  that  power,  by  using  double  the 

quantity  of  coals. 

It  is  much  to  be  regretted  that  this  realty  ingenioug  me- 

lanic  should  have  uniformly  undertaken  to  perform  so 

ich  more  than  his  predecessors  or  contemporaries,  since 

has  failed  to  produce  any  of  those  great  effects,  which 

rere  so  conhdently  held  forth  to  the  public^  and  without 

lubt  anticipated  by  himself    Nevertheless,  in  the  pursuit 

his  schemes,  many  excellent  modiRcations  of  the  minor 

irts  of  engines  have  been  introduced  hy  him,  which  en- 

?s  him  to  rank,  in  history,  as  one  of  the  improvers  of  the 

Lin  engine. 
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Patent  Etrpamion  Engine^  by  Jacob  PerkinSy  London,  \9ff. 

We  have  now  to  add  a  description  of  another  attempt, 
on  the  part  of  Mr,  Perkins,  (o  obtain  the  utmost  effect 
from  the  expansion  of  steam,  on  the  prinriple  adopted  by 
Woolfe  and  Edwards,  man)  years  back,  of  which  some  w- 
count  ha?  been  ^iven  in  the  early  part  of  this  work. 

The   following  account  is  from  the  pen   of  a  corre- 
pondont  in  a  periodical  journal,  from  whence  we  exi 
it  verbatim. 

'*  The  present  improvement  consists  in  a  novel  orran^e- 
ment  of  two  working;  cylinders,  to  wliat  may  he  terme<ii 
single-stroke  engine;  these  cylinders  arc  of  equal  length, 
but  (he  internal  area  of  one  is  about  eight  times  that  of  the 
other.  The  steam,  at  a  pressure  of  about  one  hundred  it- 
mospher^es(one  thousand  four  hundred  pounds  to  the  inch,) 
is  admitted  at  the  bottom  of  the  smallest  cylinder,  and  ii 
cut  o^at  about  one-eighth  of  its  stroke ;  having  forced  op 
its  piston,  the  steam  rushes  through  a  short  bent  tube,  inio 
the  upper  part  of  the  larger  cylinder  ;  where  it  expand^ 
and  forcing  down  the  large  piston,  escapes  near  the  bottom, 
through  lateral  openings,  into  the  condenser,  and  thence 
into  the  atmosphere  ;  while  the  steam  that  remains  in  tbe 
condenser  at  atmospheric  pressure,  is  condensed  by  a  jc! 
of  cold  water,  so  as  to  produce  a  vacuum  therein.  Both 
pistons  act  nearly  at  the  same  time,  by  their  rod)»  being 
connected  to  cranks  above  them,  in  suitable  positions  on 
the  main  axis. 

"  Fig,  1,  represents  a  front  elevation  of  the  engine,  sad 
fig.  2,  a  side  elevation;  similar  letters  of  reference  indi- 
cate similar  parts  in  each  figure,  a  is  the  large  cyliader: 
b  the  small  cylinder;  c  safety-valve  to  large  cylinder; 
c/ safety-valve  and  weight  to  small  cylinder;  ee  the  pi^on 
rods  ;  yy  connecting  rods;  A  an  eccentric  ;  tajointedrod 
to  the  same;  ga  crank,  which  works  the  rod  A,  of  the 
forcing  pump  m  ;  it  injerfion  cock  and  cold  water  ptpe  for 
condenser  t;;  o  sleaui  pipe;  /  throttle-valve;  y  a  pip^i 
leading  from  it  inli>  the  stenm  valve  u;  x  a  strong  ftpnng 


for  closing  valve;  g  fly-wheel;  r  weight  to  safety- va]^e  c; 
s  s  plummer  blocks  to  the  main  axle,  in  which  are  the 
craoks  M.  w  (fig.  9)  valve-box  and  escape  pipe  for  un- 
condensed  stearp. 

**  The  steam  from  the  pipe  o,  enters  the  throttle-valve  ^, 
and  passing  throtigh  the  tube  y,  and  the  valve  u,  enters 
the  lower  end  of  the  small  cylinder  ft,  where  it  acts  upon 
the  under  side  of  the  piston^  and  forces  it  up  into  the 
enlarged  part  of  the  cylinder;  by  this  movement,  a  lateral 
aperture  is  opened  tn  by  through  which  the  steam  escapes 

31.  K% 


along  a  curved  tube,  into  the  upper  part  of  the  large 
lindera;  here  it  iostantiy  expands,  and   forces  down 
large  piston.     Now  the  cranks  t  tj  are  set  at  a  very  ftci 
allele  with  re^^pect  to  one  another,  so  that  the  two  puti 
;hall    perform   their   up  strokes  and   their  down  ftlrol 
1%Br]y  together,  the  small  piston  being  always  a  littlt 
idvance  of  the  large  one;   by  this  arrangement,  Hufficii 
time  is  afforded  for  (he  admission  of  the  ateam   into  iht 
mall   cylinder^  and   lie  di^i  large  of  it   into   the  oil 
The  same  sit  an    having   ihu>  eAerted  its  force  upoa 
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pistons,  escapes  at  the  bottom  of  the  lar^e  cylinder  inlu 
the  condenser  u,  and  from  thence  into  ihe  air,  while  thai 
portion  thai  remains  in  the  condensePj  ftoni  having  ex- 
panded to  atmospheric  pressure,  is  condeiiHeil  by  a  jet  of 
cold  water,  which  effects  the  vacuum.  The  induction 
pipe  bein^  now  re-opened,  the  same  action  is  renewed, 
and  maintained  by  ihe  revolution  of  the  lly-whcel. 

'•^  The  injection  cock  and  pipe  are  shewn  at  ii,  and  are 
worked  by  a  cord  attached  to  them,  and  passing  round  the 
cam  on  the  main  shtft.  The  piston  rods  ee,  are  furnished 
with  guide-frames  and  anti-friction  wheels,  which,  beinj^ 
jointed  to  the  connecting  rods//,  allow  the  latter  to  turn 
with  the  revolution  of  the  cranks,  and  produce  upon  the 
piston  rods  a  paralUl  motion. 

*^  In  order  to  determine  and  regulate  the  quantity  ot 
steam  to  be  admitted  into  the  cylinder,  and  to  cut  it  off  at 
the  re<|uired  poit»t,  Mr.  Perkins  has  adopted  a  very  simple 
contrivance:  near  one  extremity  of  the  main  axle,  there 
is  an  eccentric  A,  to  which  is  attached  the  rod  t;  this  rod 
is  joined  in  the  middle  by  a  hollow  and  solid  screw,  by 
which  its  length  is  adjusted.  This  rod  i,  passes  through 
a  guide,  and  opens  the  steam-valve  u,  so  as  to  admit  the 
required  quantity  of  steam  for  working  the  engine;  a  very 
massive  and  strong  steel  spring  is  employed  to  shut  the 
valve,  after  it  ban  been  opened  in  the  manner  described. 

*'  Between  the  lower  end  of  the  rod  i,  and  the  lever  of 
the  valve  u,  there  is  an  intermediate  bar  of  iron,  the  re- 
moval of  which  renders  the  rod  t,  too  short  to  act  upon 
the  valve;  by  which  means  the  engine  may  be  instantly 
stopped  at  pleasure. 

^^  As  the  stearo  is  condensed,  it  is  drawn  out  of  the  con- 
denser r,  by  means  of  the  forcing  pump,  which  discharges 
il  through  the  pipe  p,  into  the  generators,  for  the  re*pro- 
duction  of  vapour.'* 


Patent  Rotary  Steam  Etigint^  by  Paul  Steenttntpj  ^ 
Basing  Lane.     1828. 

The  above  diagram  exhibits  a  vertical  section  of  tbe 
rn^inp.  a  is  the  section  of  a  cylrndor  accurately  tunwd, 
and  bolted  at  each  end  to  a  plate  b,  ground  perfectly  flat, 
f  is  a  smaller  cylinder,  (o  which  is  attached  a  rectangolir 
piston  d;  this  piston  has  a  metallic  packing,  similar  to 
that  in  Mr.  Galloway*?  engine  (described  page  S7,  vol.  1, 
N.  S.);  e  is  the  shaft  or  axis,  secured  by  screws  Co  ihe 
Hiimll  cylinders,  and  turning  in  stuffing-boxes;  /  a  slide 
moving  in  circular  grooves,  cut  in  each  end-piece  of  ih^ 
cylinder,  and  in  a  steam-tight  box;  A  is  a  lever  connected 
by  gparin^;'  to  the  ^^haft  of  the  engine,  and  serving  to  draw 
up  tlioHlide  into  the  box,  in  order  to  allow  the  piaton  to 
pass.  The  slides  are  portions  of  a  circle,  of  which  tli« 
axis  of  the  lever  A,  is  the  centre ;  k  is  the  steam  valve,  and 
the  hok's  /,  the  eduction  passage. 

The  action  is  as  follows:— The  slide/,  being  down, 
mid  restirtg  on  the  interior  cylinder,  and  the  piston  in  tb<* 
position  shewn  in  the  drawing,  the  steam  is  admitted  h) 
ihe  valve  i,  which  impels  the  piston  in  the  direction  uf 
the  arrow;  and  when  the  piston  arrives  near  to  the  edur- 
tion  pussagt;,  ile  steam  \s  cut  off,  and  the  piston  is  carrira 
pu-it  ihc  eduction  pa^-.-igo  by  the   impetus  of  a   flj-wlicfl 
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on  the  shaft  of  the  engine,  the  slide  being;  previously 
raised  into  the  box,  to  allow  the  piston  to  pass;  when  the 
piston  has  passed,  the  steam  is  re-admitted,  and  the  ope- 
ration repeated  and  continued. 

In  the  case  of  an  engine  that  never  requires  its  motion 
to  be  reversed,  only  one  slide  and  one  steam  valve  be- 
come necessary;  but  if  the  power  of  reversing  the  action 
of  the  engine  is  required,  there  must  be  two  slides,  and 
two  steam  passages,  as  shewn  in  the  drawing. 

The  leading  arrangements  in  this  engine  have  consider* 
able  similarity  tu  Mr.  Galloway*s  engine,  described  at 
page2K7,  and  to  that  of  the  Marquis  deCombis,  described 
at  page  280 ;  the  variation  introduced  by  Mr.  Steeustrup 
of  a  curved  slider,  appears  to  us  not  to  possess  the  advan- 
tages of  the  rectilineal,  adopted  by  the  before-mentiined 
inventors,  on  account  of  the  difficulty  of  fitting  the  curved 
parts  to  each  other,  with  sufficient  accuracy  to  prevent  the 
waste  of  steam.  The  made  of  packing  the  piston  has  the 
common  defect  of  inadequately  compensating  for  the  wear 
at  the  two  extreme  rubbing  angles.  We  have  not  heard 
that  this  engine  has  ever  been  put  in  operation,  but  we 
make  no  doubt  that,  with  some  trilling  variations,  it  may 
be  made  to  perform  well. 


Patent  Rotary  Engine^  by  John  Evans^  Jun.  qf  Walling' 
ford,  Berks.    1828. 

This  engine  is  composed  of  a  long  cylinder  a  a,  laid 
horizontally,  and  divided  into  two  equal  parts  by  a  disk, 
or  broad  flanch  by  iu  the  interior;  in  each  department  is 
a  drum  cf,  composed  of  two  concentric  cylinders,  cast  in 
one  piece,  and  a  chuniiel  £,  is  formed,  extending  the 
length  of  the  drum,  and  reaching  from  the  larger  to  the 
smaller  cylinder,  the  object  of  which  is  stated  to  be  to  06- 
tain  greater  sttrface.  Through  these  drums  passes  an  axis 
/',  with  small  projecting  feathers,  lilting  into  correspond- 
ing grooves  in  the  interior  cylinder  of  the  drum,  which 
thus  conies  round  the  axis.  Attached  to  the  periphery  of 
thtt  drum,  by  a  hinge,  is  a  flap  or  piston  g,  which  is  of 


somewhat  greater  diameter  than  the  channel  A,  leA  be- 
tween the  drum  and  the  exterior  cylinder  a,  and  placed 
ininiediately  over  the  cleft  or  channel  e.  The  drums  are 
|>resspd  ajrninsi  the  disk  6,  by  the  end  plates  k^  of  the 
same  diameter  a^i  the  cylinder  a,  and  ha^  iug  their  upper 
suifacc  hevcHed  found  the  rim,  lo  receive  the  packing, 
tvhicli  is  covered  by  a  flat  hoop,  pressed  down  by  a  short 
cylinder  /,  by  screws  screwing  into  the  flanch  of  a,  so  that 
no  steam  can  escape  between  the  drum  and  the  disk  &,  or 
the  end  plates  jfir.  The  drums  must  be  so  placed  on  the 
shaft/,  that  when  the  cleft  e,  of  one  drum  is  on  the  htfbeit 
part  of  the  shaft,  that  on  the  other  drum  shall  be  on  tbe 
lowest  part  of  the  shaf^.  Along  the  upper  side  of  (be  cy* 
lindcr  a,  is  fixed  a  g^roove,  through  which  descends  a 
stout  shutter,  on  to  the  drum  or  abutment  m,  faced  witb 
bras-4,  and  having  above  it  a  packing  of  hemp  n,  covered 
with  a  plate  of  metal,  pressed  down  by  the  screws  o* 
The  steam  is  admitted  by  the  steam  pipe  p^  into  the  steaa 
box  q^  (of  which  there  are  two,  one  to  each  drum,)  fur- 
nished with  n  slide  valve  r,  regulated  by  an  eccentric  o« 
theaviH;  s  h  the  eduction  pipe.  Tbe  steam  being  ad- 
mitted into  one  compartment,  acts  against  the  shutter  m* 
and  the  pititon  ^,  and  causes  the  drum  and  shaft  lo  re- 
volve; when,  by  the  revolution  of  the  druui,  the  pislonof 
the  other  drum   is  carried  past  the  aperture  in  die 
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i>ox  jf,  the  ateam  is  fldnaitted  to  it,  and  shut  o..  m  the 
first  compartment,  and  the  revolution  of  (he  shafi  is  thus 

(continued,  by  the  admission  of  steam  into  each  compart- 
ment alternately,  during  half  a  revolution.  The  eduction 
pipe  may  communicate  either  with  the  condenser  or  the 

»  atmosphere. 
This  invention  is  so  similar,  in  its  general  features^  to 
numerous  rotatory  engines  before  proposed »  that  we 
should  not  have  given  it  a  place  in  our  work,  had  it  not 
been  to  notice  an  error,  into  which  we  should  have 
thought  it  impos>tible  for  a  person  describing  himself  as 
an  engineer  to  fall.  We  allude  to  the  forming  of  the 
clefl  €,  "  to  obtain  greater  surface;'*  by  which  it  ij  under- 
stood, that  the  steam  will  act  upoa  the  surface  of  the  cleft, 
as  well  as  upon  the  piston  g,  whilst  the  steam  expended 
will  he  merely  that  comprised  in  the  space  between  the 
drum  and  the  cylinder  a. 

It  will  be  needless  to  observe,  that  the  steam  acting 
upon  each  side  of  the  cleft,  can  have  no  tendency  to  force 
the  piston  either  way  ;  and  the  error  is  the  same,  as  if  we 
were  to  endeavour  to  augment  the  power  of  Bramah*s 
press,  b)  increasing,  not  the  diameter  of  the  rim,  but  that 
4>f  the  cylinder  containing  it. 


I 


Paient  Steam  Engine^  by  Samuel  Clegg,  of  Liverpool.  1828. 

This  engine  is  intended  to  afford  a  compensation  for 
the  variation  of  the  pressure  of  steam,  used  expansively, 
in  the  piston,  by  causing  a  weight  to  be  elevated  so  us  to 
cause  a  gradually-ditninishiiig  resistance,  wliich  weight 
again  re-acts  on  the  engine  with  a  power  gradually  in- 
creased to  its  maximum.  The  operating  vessel,  in  which 
the  piston  moven,  consists  of  half  a  hollow  rin^,  the  trans- 
verse section  of  which  is  square,  with  one  of  the  angles 
directed  towards  the  centre.  This  semi-annular  vessel  is 
placed  vertically,  with  its  two  extremities  in  a  h4)i  izoiiiul 
line;  and  the  piston  is  made  to  traverse  it  in  the  same 
curve,  by  bein^  attached  to  one  end  of  a  solid  luilf  ring, 
of  the  same  form  as  the  interior  of  the  vessel,  and  nearly 
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of  the  saoie  size,  which  performs  the  office  of  a  pifton  rod, 
and  which  guides  the  pi»ton  in  its  circular  cuur»e,  b\hai- 
ing  its  other  more  remote  extremity  united  to  a  strong 
arm,  which  proceeds  in  the  radial  line,  from  a  s4oat  bon- 
zontal  axle,  that  is  placed  in  the  centre  of  the  circle,  (*i.f 
which  the  curvature  of  the  semi-annular  vessel  fonwtbc 
moiety,)  at  right  angles  to  its  plane.  The  strong  radial 
arm  pusses  across  through  the  end  of  the  solid  piston  cor. 
nector,  and  there  are  placed  in  it  two,  three,  or  more  flat 
cylindrical  weights,  that  have  perforations  in  their  ceotrpi 
for  its  reception;  the  number  of  these  weights  is  reguUtc^ 
according  to  the  degree  of  the  primary  prea^are  of  the 
steam  employed,  which  they,  together  with  the  solid  pistoo 
connector,  are  intended  to  compensate  as  before- mentioocd; 
this  they  perform  by  pressing  most  on  the  piston,  wfaea  tWj 
approach  close  to  the  end  of  the  semi-annular  \eam\  (at 
which  time  the  piston  is  at  its  other  extremityj,  aod  tt 
they  arise  in  their  circular  track,  and  the  radial  ami  to 
which  they  are  attached,  more  and  more  ascends  from  a 
horizontal  position  to  one  that  is  vertical,  their  pre«»ure 
on  the  piston  gradually  diminishes  until  it  eatirely  oeaiei, 
when  the  radial  arm  is  situated  as  last-mentioned.  To 
connect  this  engine  with  a  fly-wheel,  two  other  radial 
arms  proceed  from  the  main  axle  before  noticed,  nearl; 
at  right  angles  to  each  other,  and  having  strong  pivots 
fixed  at  right  angles  to  them  on  their  outer  extremities; 
rollers  are  placed  on  these  pivots,  which  facilitate  their 
action  on  the  upper  internal  side  of  a  hollow  vprtical  tri* 
angular  frame;  the  lower  angle  of  which  is  placed  per- 
pendicularly beneath  the  main  axle,  and  near  the  inner 
side  of  the  semi-annular  vessel,  where  it  is  attached  to  a 
horizontal  pivot,  that  lies  parallel  to  the  main  axle;  and 
at  (he  inner  upper  side  of  this  triangular  frame,  a  lorg* 
rounded  projection  is  placed  between  the  two  rollers  Just 
mentioned,  tliat  performs  the  office  of  a  tooth  on  a  Urff 
scale,  in  whirh  the  rollers  act,  as  well  as  on  the  iotero>l 
radial  sides  of  the  triangular  frame,  and  are  again  re- 
acted on  by  them,  as  ilir  piston  apparatus  performs  its 
alternating  movements,  in  conjunction  with   the  rerola* 
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lions  of  the  fly-wheel;  to  a  crank  on  Uie  axle  of  which,  a 
connecting  bar  passes  forwards  from  a  pivot  at  the  top  of 
the  triangular  frame. 

The  engine,  in  the  state  described,  is  analogous  to  a 
single  steam  engine,  and  will  of  course  not  act  so  favoura- 
bly on  the  fly-wheel  as  a  double  one;  to  obtain  the  ad- 
vantage of  which  latter,  a  second  engine,  construcLed  in 
ell  respects  similar  to  that  described,  is  connected  in  the 
same  manner  to  the  same  main  axle,  but  in  a  reversed  po- 
sition, close  to  the  side  of  the  first,  so  that  the  movements 
of  the  pistons  of  the  two  alternate  in  opposite  directions; 
(be  ends  of  the  serai-annular  vessels,  through  which  the 
piston  connectors  pass,  being  opposite  to  each  other,  and 
the  radial  arm  of  the  latter  (by  which  its  pbton  connector 
acts  on  the  main  axle)  being  at  right  angles  to  that  of  the 
radial  arm  of  the  former,  when  the  compensating  weights 
of  one  engine  are  rising,  those  of  the  other  will  descend, 
and  when  they  are  descending,  the  reverse  will  occur  with 
the  others. 

Engines  of  this  kind  may  be  worked  by  steam  from 
boilers  of  any  approved  construction,  which  must  be  con* 
veyed  into  the  ends  of  their  semi-annular  vessels,  that  are 
most  remote  from  those  through  which  the  piston  connec* 
tors  pass;  and  from  the  same  ends  tubes  must  proceed  to 
the  condenser,  or  to  the  open  uir,  whichever  in  most  suit- 
able to  the  application  of  the  engine;  these  ends  must  of 
course  be  clused  by  steam-tight  lids,  while  the  opposite 
ends  are  to  have  stuffini^-boxes,  to  shut  up  the  narrow  in- 
terval between  the  solid  piston  connectors  and  the  mouths 
of  the  semi-annular  vesseltn;  the  valves,  and  iho  apparatus 
for  working  them,  may  be  of  any  approved  construction. 

We  fear  much  that  the  compensaling  appendages  iutro« 
duced  by  Mr.  Clegg,  will  by  no  means  compensate  for 
their  curobersomeness  and  inconvenience,  especially  as  so 
little  can  possibly  be  gained  beyond  that  of  a  judiciously- 
proportioned  common  engine,  working  expansively;  the 
attempt  is,  however,  praiseworthy,  and  the  arrangements 
proposed,  novel  and  ingenious. 
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connected  to  the  reciprocutJii^  beam  c  r,  upon  one  side  of 
the  rulcnim,  and  at  the  end  of  the  bpHm  on  the  other  side 
(not  shown),  the  power  is  communicated,  by  means  of  a 
rod  and  crunk,  to  a  Ay-whicI,  the  momentum  of  which 
gives  ntotion  to  whatever  machinery  may  be  connected 
to  it. 

The  nir  cylinder  4,  is  open  at  top  to  the  atmosphere, 
hut  closed  at  bottom;  (he  steam  cylinder  I,  is  closed  &t 
both  ends;  d  is  a  pipe  communicating  from  the  Cop  of  the 
steam  cylinder  to  the  bottom  of  the  air  cv  Under  4,  by  the 
valve  box  e;  /and  g  are  also  valve  boxes,  for  Hupplxin^ 
and  cutting  off  the  ste;ini  on  each  side  of  the  piston  in  the 
steam  cylinder  1  ;  hit  is  nn  eduction  pipe  from  both  cy- 
linders, leading  to  the  eondonsors  /  ;  at  /  is  a  vnUe  in  the 
pipe  M,  leadin«^  from  tlie  condenser  to  the  nir.pump  o, 
worked  by  a  rod  p,  attached  to  the  beam  c;  q  h  n  rod,  by 
which  the  apparatus  connected  with  the  valves  iire  worked, 
but  which  is  not  iiitr(»duced  into  the  dtnwin;;,  ^^  ihey  are 
of  the  ordinary  construction;  the  steam  from  the  boiler  is 
received  at  r,  for  working  the  eng;ine. 

In  setting  the  engine  to  work,  steam  is  allow>.^d  to  blow 
through  the  enn;ine  in  the  usual  manner,  to  expel  the  air 
and  heat  the  c))indors;  the  action  is  commenced  by  open- 
ing the  communications  with  the  lower  ends  of  the  cylin- 
ders for  supplying  them  >vilh  steam  under  iheir  pistons; 
tbe  eduction  valveK  leudin(r  to  the  condenser  are  then 
opened,  by  which  means  the  steam  is  condensed,  and  a 
partial  vacuum  effected  under  both  pistons.  At  that  in- 
stant, steam  at  a  hi^h  pressure  is  introduced  at  /,  above 
the  piston  in  cylinder  I,  which  forces  down  its  piston,  and 
au  the  atmosphere  at  the  same  time  presses  down  the  piston 
E  in  cylinder  4,  they  are  thus  propelled  together.  This 
'  action  leaves  the  atmosphere  pressing  upon  the  piston  at 
the  bottom  of  the  cylinder  4,  and  cylinder  1  full  of  steam. 
To  overcome  these  opposing  forces,  and  reverse  the  action 
of  the  piston-^,  the  conmiunication  between  the  upper  ei  d 
of  cylinder  1,  and  the  lower  end  of  cylinder  4,  is  opened, 
while  steam  from  the  boiler  is  introduced  at  g,  under  the 
piston  in  cylinder  1  ;  the  excess  offeree  of  the  fresh  steani 
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pper  and  the  lower  cylinders.  These  cylinders  are 
marked  a  and  6,  and  the  third,  or  great  cylinder,  c.  The 
two  first  cylinders  receive  the  steam  in  succession  from 
P  the  boiler,  and  from  them  it  enters  the  larj^er  one  c,  and 
expands  into  a  g:reater  volume.  </,  e,  and/,  are  the  three 
pistons,  with  their  respective  rods,  which  being  on  one 
fide  of  the  beam,  consequently  rise  and  fall  together.  A  ia 
a  pipe  from  the  boiler,  from  which  a  branch  pipe  passes 
to  each  of  the  first  action  cylinders  a  and  &,  entering  a  at 
ita  bottom,  and  b  at  its  top ;  so  that  the  steam,  as  it  is  pro- 
duced, will  act  on  the  under  surface  of  the  piston  r/,  and 
on  the  upper  face  of  e,  i  and  7,  are  two  pipes  from  the 
top  and  bottom  of  a  and  b  respectively,  to  a  pipe  kt  com- 
mon to  both,  by  which  any  steam  that  may  remain  in  a  or 
b^  after  the  final  expansion,  is  conveyed  into  the  main 
lube  ly  whence  it  escapes  into  the  atmosphere,  m  an<l  n 
ire  two  pipes  from  the  opposite  ends  of  the  cylinder  c, 
4ind  connected  to  the  main  tube  /. 

By  these  arrangement»,  a  communication  is  alternately 
opened  between  the  spaces  on  each  side  of  the  piston/,  in 
the  cylinder  c,  and  the  atmosphere,  o  and  p  are  pipes 
from  the  cylinders  a  and  6,  to  a  valve-box,  from  which 
branches  the  pipes  q  and  r,  which  open  into  both  ends  of 
the  expansion  vessel  c;  and  by  Iheni  the  elastic  vapour 
which  had,  in  the  first  instance,  acted  in  a  and  by  is  con- 
veyed into  c  successively,  on  both  sides  of  the  piston. 
3  and  /  are  pipes  leading  from  one  end  of  each  of  the  cy- 
linders <z  and  6,  to  the  other  respectively;  and  by  them 
the  dense  steam  is  permitted  to  expand  from  the  side  of 
the  pistons  d  and  €,  in  which  it  had  operated,  from  the 
boiler,  to  the  opposite  sides,  so  as  to  equalise  the  density 
and  pressure  in  these  two  vessels. 

Now  suppose  the  pistons  are  required  to  ascend  ;  then 
the  liranch  of  the  pipe  A,  which  conducts  the  steam  from 
the  h(»iler  to  beneath  the  piston  rf,  and  the  pipe  t,  from 
above  that  piston  to  the  air,  the  steam  will  therefore  force 
up  the  piston  d,  with  its  full  power,  as  it  is  produced  (less 
the  atmospheric  pressure)  as  is  the  case  in  the  present  high- 
presstire  engine  ;  but  at  the  time  that  this  is  takinir  place, 
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the  steam  which  had,  in  the  former  stroke,  forced  dowB  the 
piston  e,  and  which  after  havinf^  bo  depressed  it,  ai  iW 
conifucncement  of  the  movement  just  described,  exntfd 
above  the  piston,  in  u  dense  state,  will  be  nuffered  to  dilaii 
by  the  pipe  /,  and  pass  under  the  piston,  so  as  to  waka 
equal  pressure  on  both  of  its  surfaces,  and  admit  of  its 
bvU)'^  carried  back  to  the  top  of  its  cylinder,  without  aav 
material  opposition.  The  concentrated  ateara  ij  alio 
allowed  fartlier  to  expand  through  the  pipes  p  and  r,  ob 
the  under  surface  of  the  piHtony*,  having  the  internal  sar- 
face  of  the  cylinder  6,  as  a  fixed  point  of  abutment,  and 
the  pipes  m  and  /  being  open  to  the  air,  the  pbtoo/ttill 
be  raised  with  the  full  expansive  effort  of  (he  elastic  ?•• 
pour.  "Thus,"  (says  the  patentee)  "both  the  power  of 
the  steam,  as  it  increases  in  quantity,  and  its  inhereut  pro- 
perty of  expansibility,  are  at  the  same  time  and  conHtantiT 
obtained."  To  produce  the  descent  of  the  pistons,  the  rt- 
verse  set  of  pipes  to  those  named  will  be  opened  and  tboM 
already  mentioned  shut,  which  it  Is  needless  to  desfcribe 
more  at  length. 

The  inventor  estimates  the  relative  value  in  power  of 
the  common  high-pressure  engine,  and  his  improved  oas, 
in  the  following  manner  : 

^'  Let  it  be  imagined,  that  the  piston  of  the  ordinary  en- 
gine, and  the  tirst-action  pistons  of  the  new  engine,  each 
to  contain  one  hundred  superticial  inches  ;  and  tbatsiean 
of  fnrty-tive  pounds  per  inch,  over  the  atmoapheric  prcn* 
sure,  is  in  each  case  employed;  then  the  whole  power  ol 
ihe  old  engine  would  be  four  thousand  tive  hundred 
pounds,  exclusive  of  friction  ;  and  the  same  would  b«  the 
product  of  the  first  operation,  in  the  improved  machine. 
But  steam  of  this  density  (sixty  pounds)  will  dilate  on 
four  times  the  surface,  (the  stroke  being  the  same)  and 
still  balance  the  atmosphere;  we  have  therefore  to  add 
the  mean  between  45  and  0,  on  four  hundred  inches,  or 
twenty-two  and  a  half  pounds  per  inch,  which  will  be  equal 
to  nine  thousand  pounds  more,  if  five  hundred  pounds 
Ife  Uiki'ii  ulF  for  friction  in  the  present  used  engine,  four 
thousand  pounds  will  remain;  and  if  three  Lhousaod  fivs 
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hundred  pounds  be  allowed  froni  Ibis  ooe  for  the  same  rea- 
son, no  less  than  ten  thousand  pounds  will  be  left  ;  and 
large  and  ample  as  this  deduction  fur  friction,  &c.  is,  if 
even  two  thousand  pounds  more  be  subtracted,  (he  power 
of  tbif?  machine  would  be  double  that  of  the  present  one, 
from  the  same  fuel ;"  and  he  further  adds,  that  "  in  the  con- 
densing modification  of  the  engioei  the  result  will  be  still 
greater,  and  such  appltcatioo  of  the  principle  will  be  easily 
conceived.** 

Mr.  Udn)'*s  arrangement  ia  both  novel  and  curious, 
but  we  are  not  convinced  by  his  argument  that  any  gain 
in  effect  results  therefrom.  He  claims  for  himself  the 
having  obtained,  ^^  both  the  power  of  the  steam,  as  it  in- 
creases in  quantity,  and  its  inherent  property  of  pxpan- 
aibiltty  at  the  same  time,**  wbere&s  those  powers  are  already 
obtained  in  the  comnion  high-pressure  engines,  working 
expansively,  which  they  generally  do  to  a  greater  or  less 
extent  ;  and  from  the  superior  simplicity  of  the  latter, 
there  is  much  less  friction,  and  the  cost  of  construction 
much  less. 

The  same  gentleman  included  under  his  patent  a  de- 
scription of  a  rotary  engine,  which  was  intended  to  operate 
by  the  gravity  of  a  fluid,  or  metal  that  is  fusible  at  the 
boiling  point  of  water,  acting  on  the  circumference  of  a 
wheel,  and  which  it  propelled  from  one  vessel  at  or  near 
the  bottoiu  of  the  ftaid  wheel,  by  the  power  of  steam,  into 
another  vessel  at  the  top,  in  the  following  manner:  — 

^*  In  the  annexed  figure  is  an  axle  or  gudgeon,  which 
roust  be  fixed;  at  one  end  il  is  hollow,  up  to  the  inside 
nave,  where  the  wheel  revolves,  which  hollow  is  divided 
into  two.  The  mouth  of  one  of  those  openings  points 
upwards, and  the  othc^r  downwards;  or  two  pipes  run  into 
this  axle  as  far  as  o  and  .v;  the  first  being  from  the  con- 
denser, or  atmosphere,  and  the  second,  x,  from  the  boiler. 
In  another  part  of  this  axle,  at  ?n,  a  perforation  runs 
through  the  axle.  On  this  axle,  or  gudgeon,  is  strung  a 
double  wheel,  which  rotates  freely  on  it;  one  of  the  naves 
of  the  said  wheel  being  over  the  mouth  of  the  holes  o  and 
»,  and  the  other  revolving  at  m-     This  double  wheel  has 
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cylinders  (any  number)  placed 
between  its  side  at  the  circum- 
ference, every  two  being;  oppo- 
site ;  the  ends  of  these  cylinders 
bein^  at  the  internal  part  of  the 
rim  of  each  wheel,  as  B  and  C. 
In  thcni  may  he  pistons,  as  1 
and  2>  Pipes,  which  may  be 
the  arms  or  spokea  of  the  wheel, 
are  to  run  from  one  cylinder  to 
the  other,  at  each  cud  of  said 
cylinders;  and  thus  each  radius 
will  be  alternately  the  steam 
pipe  and  the  eduction  one,  as  it 
comes  to  the  pipe  over  the  axle 
marked  o,  to  the  condenser  un- 
der the  hole  marked  x,  the  mouth 
of  the  pipe  to  the  boiler.  No 
valves  will  be  necessary,  but  a 
cock,  to  shut  off  the  steam  from 
the  axle  when  wished. 

"  Now,  suppose  C  to  have 
come  to  the  bottom  full  of  Huid, 
the  g:ravity  of  which  will  have 
turned  the  wheel  into  the  now 
imagined  position.  The  pipe], 
will  then  present  its  opening  to  the  mouth  of  the  pipe  in 
the  axle  jr,  leading  from  the  boiler;  witile  the  mouth  of 
the  pipe  S,  will  he  in  contact  with  the  mouth  of  (he  pip^ 
0,  in  the  axle,  leading  to  the  condenser.  A  vacuum  wtti 
therefore  exist  on  one  side  of  the  piston  7,  in  IV  and  thr 
steam  will  pour  into  C,  in  the  direction  of  (he  arrow  be- 
hind its  piston  (],  forcing  it  along,  and  propellins;  the  Huid 
on  the  other  sido  of  it,  up  (he  pipes  3  and  4,  into  B.  When 
B  comes  to  the  hottoiu,  iht^  reverse  will  take  place:  2  will 
be  opposite  the  moulh  of  the  steam  pipe  x,  and  1,  Ifi*^ 
eduction  one,  o.  The  steam  will  flow  into  B,  and  the  fluid 
be  propelled  from  it  up  to  C,  and  so  on.** 
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Patent  Steam  E^igin  •,  without  PisionSy  by  R    Williamsj 

of  Tabernacle  ffaik,  London,  1829. 

The  object  of  the  patentee  is  to  obviate  the  expensive 
wear  and  attendant  friction  of  metallic  or  packed  pistons, 
moving  in  cylinders;  and  this  he  effects  by  having  his 
steam  cylinders  open  at  one  end,  and  inverted  in  a  vessel 
of  dense  fluid,  which  will  require  a  much  greater  heat  to 
convert  it  into  vapour  than  water;  so  that  sloam  bcin^ 
admitted  successively  into  the  cylinders,  three  in  number, 
which  are  attached  by  rods  to  a  three-throw  crank,  they 
are  forced  up  in  succession,  and  ^ive  motion  to  a  shaft, 
which  may  be  attached,  in  the  usual  way,  to  nny  niachi* 
nery  required  to  be  put  in  motion. 

The  drawing  attached  to  the  specification  of  this  pa- 
tent represent,  situated  over  a  furnace,  an  oblong  boiler, 
about  half  filled  with  water,  the  remainder  beings  occu* 
pied  with  steam.  Above  the  boiler  is  bolted  thereto, 
by  means  of  projecting  flanges,  the  dense  fluid  vessel,  of 
the  same  area,  but  of  greater  depth  than  the  boiler.  To 
the  bottom  of  the  upper  vessel,  (which  is  about  two-thirds 
filied  with  oil)  are  fixed,  in  a  vertical  position,  three 
steam  reservoirs,  of  a  cylindrical  form,  with  hemispherical 
tops,  and  the  steam  is  supplied  to  them  from  the  boiler 
underneath,  through  apertures  regulated  by  sUding-valves. 
Over  each  of  these  reservoirs  are  placed  three  inverted 
vessels  (or  substitutes  for  pistons),  which  arc  of  consider- 
ably greater  capacity,  their  upper  extremities,  which  are 
hemispherical,  being  attached  to  the  rods  of  the  three- 
throw  crank  before-mentioned.  In  the  upper  part  of 
these  vessels  arc  valves  for  the  escape  of  the  steam,  which 
open  when  their  stems  strike  against  the  top  of  the  oil- 
vessel,  and  the  steam  thus  discharged  over  the  surface  is 
carried  off  by  a  lateral  pipe  into  a  condenser. 

Su]>posing  one  of  the  three  vessels  (which  arc  raised 
and  depressed  successively  by  the  rtttalion  of  a  crank)  to 
be  submerged  in  the  oil,  and  at  its  lowest  noint  of  descent, 

3?.  5  B 
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it  lliereby  opens  n  corneal  valve  in  the  upper  part  of  tW 
Hieam  reservoir,  which  it  encloses,  or  "caps  ovcr;**tbe 
steam  passing  (ben  out  of  the  reservoir  into  lh«  extenttl 
vessel,  raises  the  latter  with  a  force  equal  to  the  difference 
between  the  specific  gravity  of  the  cylinder  full  of  vtcis, 
and  the  oil  (or  other  dense  fluid)  in  which  it  n  imacnedt 
and  through  the  instrumentality  of  the  threc-lhroir  crtal, 
each  of  the  cylinders  is  brought  successively  to  opmir 
in  Ihe  same  manner. 

We  suspect  the  patentee  has  overrated  the  imperftt' 
tions  of  steam  engines  of  the  usual  construction,  as  aelt 
as  the  power  to  be  derived  from  his  own,  which,  to  pro- 
duce an  eflV'ct  e([ual  to  an  engine  of  the  common  coostrvr- 
tion,  of  forty  or  fifty  horses  power,  would  re<|uire  to  he 
made  of  a  very  inconvenient  magnitude.* 


Rotary  SUam  Eangine^  by  TJiomas  Smithy  Derhti,    I8S9 

This  engine,  which  displays  much  ingenuity,  diSen  htm 
all  other  rotary  engines  in  its  having  no  fixed  fulcrnm  for 
the  steam  to  act  against;  but  it  has  two  vanes  or  pntMi 
turning  upon  axes,  whose  centres  of  motion  arecoincideat 
with  each  other,  and  with  the  axis  of  the  cylinder  ial* 
which  they  fit  steam-tight.  The  axes  of  these  two  nM« 
or  pistons  are  connected  by  a  train  of  eccentric  tootM 
wheels,  which  cause  them  to  revolve  with  different  velo- 
cities, so  that  the  pressure  of  steam  between  the  Taneacasi 
take  place  with  their  moving,  and  having  got  to  thai  posi- 
tion when  the  vane  which  was  moving  quickest,  passes tbr 
eduction  pipe,  and  the  one  which  was  movin*  slovrsi* 
passes  the  supply  pipe,  situated  about  one-sixth  of  the 
circumference  of  the  cylinder  from  the  eduction  pipe,  ibr 
position  of  the  wheel  work  is  so  far  changed,  that  tbclint 
\ane  then  moves  slowly,  and  the  second  quickly  ;  and  tkttt 
a  continuous  rotary  motion  is  produced,  which  may%! 
applied   to   give   motion    to  machinery,   or    in   pumpiag 


*  A  drawinif  of  this  ciigiuc  ii  given  id  the  Regitter  of  Krt^ku 
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water,  if  motion  bu  cominuiiioaled  to  (he  apparatus,  and 
the  supply  pipe  made  to  communicate  with  the  naler  to 
be  raised. 


Patent  Steam  Euginey  by  Eiijah  Galloway^  of  London,  I8i?9, 

The  improvements  here  contemplated  consist  of  arrang;e- 
mcnl?,  by  uhich  a  continuous  rotary  motion  is  obtained 
from  ail  alternating  circular  motion  of  a  piston  or  flap, 
vibrating  within  a  hollow  cylinder,  on  an  axis  coincident 
Mrith  the  axis  of  (he  cylinder.  The  piston  in  this  instance 
is  a  rectangular  flap,  whose  length  is  equal  to  the  interior 
length,  and  its  breadth  equal  to  the  radius  of  the  cylinder. 
Three  sides  of  the  piston  are  nmde  to  fit  the  interior  of 
(he  cylinder  steam-tight,  by  metallic  or  other  packing, 
I      and   (he  fourth  side  is  attached  to  an  axis,  with  which  it 

■  vibrates,  making  about  three  fourths  of  a  revolution  at 
each  vibration.  It  is  scarcely  necessary  to  remark  here 
(hat  (he  s(cam  is  admitted  on  the  opposite  sides  of  the  pis- 

■  (on,  alternately  through  the  medium  of  a  two-way  cock, 
or  shining  valve,  acted  upon  by  the  motion  of  the  appa« 

I      ra(u8.    The  force  of  the  steam  thus  exerted  upon  the  pis- 

■  ton  is  transmitted  to  a  fly-wheel,  and  thence  to  any  required 
purpose,  in  the  following  manner: — To  one  end  of  the 
piston  axis,  which  ts  passed  (hrough  the  end  of  the  cylin- 
der, is  fixed  a  crunk,  which,  by  acting  in  a  longitudinal 
silt,  in  the  middle  of  a  lever  moving  on  a  fixed  pivot  at 
one  end,  alternalelj  tlevales  and  depresses  the  other,  and 
thus  through  the  medium  of  a  connecting  rod,  communi- 
cates m  >ii<  n  to  the  fly-wheel. 

Although  this  engine  is  the  invention  of  the  author  of 
the  "History,"  or  first  part  of  this  work,  we  have  not  had 
an  opportunity  of  seeing  it  in  action  ;  we  are  however  cre- 
dibly informed  that  it^  performance  is  very  satisfactory  : — 
The  foregoing  brief  description  is  given  after  having 
perused  the  speciftcalion  of  the  patent  at  the  Curolment 
Oiice. 
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Pit€7il  Steam  Engine^  by  Moses  Poole.    London^  I52ft 

This  invention  is  stated  to  have  been  rotiimunioit^d  lo 
the  patentee  by  a  foreigner  residing  abroad,  and  thi«cir- 
cunistance  will  account  for  its  want  of  novelty.  No>twilli* 
standing  which,  it  is,  we  are  informed,  patrooiaed  aad 
adopted,  by  Mr,  Gurney  and  his  colleagues^  ia  t^  CCQ- 
Rtruction  of  their  sleaiu  coaches;  that  being  tliecBK,it 
may  be  presumed  to  possess  some  advantages;  we  accorrf- 
ingly  §J*^®  *'  insertion  here,  >nthout,  however,  enleruio- 
•  ing  a  favourable  opinion  of  its  merits. 

The  invention  consists  of  a  steam  boiler,  composed  of  i 
series  of  straight  tubes,  placed  horizontally,  eome  under, 
others  over,  and  some  on  each  side  of  the  fire.  The  fint 
tube  is  joined  to  the  second  at  one  end,  and  the  second  ii 
joined  to  the  third  at  the  other,  so  that  the  whole  boilfr 
consists,  in  eB'ect,  of  one  continuous  tube.  Through  this 
the  water  is  driven  by  a  force-pump,  and  when  sufllicienllv 
heated,  it  is  admitted  into  a  vessel  called  a  separator,  ud 
thence  conveyed  to  the  working  cylinders.  From  the  ey- 
linders,  the  steam  is  conveyed,  still  in  a  highly-elafCic 
state,  to  a  reservoir,  from  which  it  escapes  by  four  very 
«ma11  apertures  up  the  chimney,  carrying  with  it  the  air 
in  the  chimney,  and  by  that  means  creates  a  current, 
which  may  be  increased  or  diminished  at  pleasure,  by 
an  alteration  of  the  apertures  through  which  the  stetm 
escapes;  which  apertures  must  never  be  so  large  as  to 
allow  the  steam  to  escape  from  the  reservoir  so  fast  u 
to  diminish  its  elasticity;  a  circumstance  which  would 
cause  an  irregnlnrity  in  the  passage  of  the  steam,  and  coa* 
sequcntly  of  the  draught  of  air  through  the  chimney 

When  (his  apparatus  is  applied  to  a  locomotive  car- 
riage {the  specification  states),  it  is  necessary  to  supply 
water  to  the  boiler  before  the  carriage  starts,  as  well  u 
during  occasional  stoppages,  which  the  patentee  purpose* 
to  elTect  by  handj  or  by  lifling  the  wheels  off  the  groond, 
and  then  working  the  pimp  by  the  engine,  as  the  wheeb 
may  then  turn  without  propelling  the  carriage. 


catt.in'*s  steam  engine* 
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The  carriage  is  lifted  by  a  lever  extending  from  the 
•xletree,  or  a  fixed  point  near  it,  and  reaching  a  few 
inches  further  tbun  the  circamference  of  the  wheel;  and 
jb^hen  this  lever  ia  brought  directly  under  the  wheel,  by 
V^indin^  a  chain  fVom  it  on  a  drum,  or  drawinj^  it  by  a 
piston  in  a  small  steam  cylinder,  the  wheel  is  at  liberty  to 
Itirn  freely.  The  patentee  purposes  to  use  the  same  coii- 
irivance  as  a  dra;^  to  impede  the  progress  of  a  carriage 

hen  descending  hills. 


r 


fiydraulic   Steam  Engine^    by  John    Cailhiy   Cincinnati^ 
Ohioy  U.  S,  1829. 


^  This  is,  in  fact,  an  engine  working  entirely  upon  the 
principle  of  Savery's  engine.  It  is  said  to  be  "  peculiarly 
Ipplicable  to  mills  already  erected  on  streams  which  fail 
during  part  of  the  year,  as  the  expense  of  constructing  it  is 
(nuch  less  than  of  an  ordinary  steam  engineof  equal  power.*' 
^  Savery's  engine,  as  usually  described,  was  to  operate 
both  as  a  sucking  and  forcing-pump.  The  water  being 
first  raised  by  the  pressure  of  the  atmosphere  into  a  cham- 
ber, in  which  a  vacuum  has  been  produced  by  the  conden- 
sation of  steam  acting  upon  the  surface  of  the  water.  In 
|lie  arrangement  now  proposed,  the  forcing  operation  is 
the  only  one  employed.  Two  or  more  cylinders  are  made 
pf  wood,  and  are  placed  in  the  reservoir  from  which  the 
paier  is  to  be  raised,  so  that  it  will  flow  into  them  with- 
out the  aid  of  a  vacuum.  Wood  is  chosen,  because  it  is  a 
bad  conductor  of  heat*  Floats  of  wood  are  to  rise  and 
fiftll  within  these  cylinders,  atid  are  to  operate  as  piston*; 
piey  are  to  be  ^'  closely  fitted,  without  touching  the  sides, 
to  separate  the  Bteam  from  the  surface  of  the  water,  and 
piereby  prevents  its  condensation.^^  After  these  cylinders 
^ave  been  filled  with  water,  through  a  valve  in  their  bot* 
tonis,  steam  is  to  be  admitted  Into  them  above  the  float, 
|iid  is,  by  its  elasticity,  to  force  the  water  to  the  required 
keigbt.     The  patentee  says: — 

,  "The  improvement  for  which  I  claim  an  exclusive  pri- 
vilege i»i  the  use  of  wood,  or  other  non-conducting  mate* 
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rials,  to  conntruct  the  vessel?,  or  cylinder?,  Anil  fio•t^ 
above  described,  and  to  line  with  the  same  material,  im, 
or  other  metallic  vessels  orcylinders,  for  the  alternat*!^ 
ception  and  discharge  of  steam  and  water." 

It  will  he  no  easy  task  to  fit  ifte  floats  closely  witkM 
touchtng  the  sides,  so  as  to  prevent  the  water  firom  pa^injc 
above  them,  when  under  the  preasure  of  a  high  cnlumn  in 
the  rising  shafts.  The  slowness  with  which  wood  cot>' 
ducts  heat,  would  be  an  advantage  in  this  plan,  bot  Ibe 
impossibility  of  making  it  keep  its  form  and  dirnensiom, 
under  the  action  of  water  and  steam,  will  render  some  oa- 
mentioned  provision  necessary,  or  it  must  be  fatal  to  tb« 
whole  scheme.  8team  of  two  atmospheres  will  be  necf<- 
sary  to  raise  water  to  the  height  of  thirty  feel^  on  iha 
plan. 

In  situations  where  fuel  is  cheap,  an  economical  en^nr 
for  raising  water  from  a  tail-race  into  a  datu,  might  be 
advantugeously  employed  during  seasons  of  drought;  hot 
it  rarely  happens  that  there  is  a  supply  in  the  tail-racf, 
when  there  is  a  deficiency  in  the  dam;  it  is,  therefore, ia 
but  few  places  that  such  an  apparatus  would  be  of  any 
avail;  it  has,  however,  been  effected  in  some  plnrcs,  bat 
the  very  nature  of  things  forbids  its  frequent  aduptioa.* 

Patent  Steam  Engine^  by  Thomas  Banks^  Patricrqf^  LaU' 

cashire,    1829. 

Mr.  Banks  describes  two  improvements   in  connexioa 

with  the  steam  engine;  the  first  applicable  to  the  sitppW 
of  oil,  or  other  lubricating  material,  to  the  piston,  and  tht 
second,  to  the  supply  of  steam  to  the  cylinder.  The  oil, 
or  melted  tallow,  which  the  patentee  prefers,  is  con r eyed 
through  the  piston  rod,  made  hollow  for  the  purpose,  lot 
ring  situated  half-way  between  the  top  and  bottom  plitn 
of  the  piston.  This  ring  being  made  open  townrds  the 
cylinder,  which  it  approaches  very  near  to,  afford*  an 
abundant  and  uniform  supply.  The  tallow  is  intrnducr^ 
into  the  hollow  piston  rod,  by  means  of  a  vessel  precisely 


I 
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like  n  tobacco-pipe,  wilh  its  sbank  stuck  into  it^side,  mmA 
its  mouth  turned  upward?,  for  the  reception  of  the  tallow 
The  second  part  of  the  invention  consists  of  a  revolvipit 
pipe,  for  the  passage  of  the  steam  alternately  above  and 
below  the  piston,  and  from  the  cylinder  to  the  condenser, 
or  to  escape,  when  no  condenser  is  used.  The  rerolvini^ 
pipe  extends  the  length  of  the  cylinder,  and  has,  at  each 
end,  two  apertures  on  opposite  sides,  and  a  fixed  partition 
twisted  into  half  a  spiral,  so  as  to  form  a  communication 
between  the  upper  opening  on  one  side,  and  the  lower 
opening  on  the  other.  On  the  upper  end  of  the  revolving 
pipe  is  placed  a  collar,  through  which  an  opening  com- 
municates on  one  side  with  the  boiler,  and  on  the  other 
with  the  cylinder;  and  the  lower  end  turns  in  a  similar 
collar,  with  communications  from  the  cylinder  on  one  side, 
and  the  condenser  on  the  other.  Now  it  is  evident,  from 
the  position  of  the  spiral  partition,  that  each  opening  at 
the  top  is  connected  with  the  opposite  opening  at  the  bot- 
tom; and  hence,  as  the  pipe  revolves,  the  coniMiunications 
are  alternately  opened  between  the  boiler  and  one  side  of 
the  piston,  and  the  condenser  and  the  other.  This  is  an 
application  of  the  principle  of  the  two-way  cock,  which 
possesses  considerable  ingenuity,  and  may  be  found,  in 
some  cases,  very  serviceable. 

Patettt  Improvements  in  Sleam  Engines^  by  W.  Churchy  of 
Birmingham,    1S29. 

The  improvements  here  contemplated,  are  applicable 
to  the  supply  of  fuel  to  the  fire,  to  the  boiler,  the  method 
of  opening  and  closing  the  steam -passages,  the  whole  ar- 
rangement of  the  diflbrent  parts  of  the  engine,  and  its 
application  to  propelling  vessels,  through  the  medium  of 
propelling  wheels  uf  a  peculiar  description. 

The  fire-feeding  apparatus  consists  of  a  coal-hopper, 
having  at  its  lowei  extremity  a  small  revolving  roller, 
with  four  vanes,  which  transf<>rs  the  coals  in  small  quan- 
tities from  the  hopper  to  a  plate  situated  williin  the  fur- 
nace doors,  and  somewhat  higher  than  the  surface  of  the 
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fire.  From  this  plate  the  coals  are  driven  fonrardi , 
scattered  over  the  fire  by  a  projecting  rake,  whiib  HIU 
the  aperture  through  which  it  passes,  having  on  its  up^r 
surface  a  flat  plate  extending  under  the  liopper,  when  ibe 
rake  is  driven  forward,  and  thus  communication  Hith  ik 
air  is  prevented.  The  rake  is  actuated  hy  the  en^iae, 
through  the  medium  of  a  series  of  levers. 

The  boiler  proposed  by  Mr.  Church  b  of  (be  tubdar 
kind,  in  which  the  fire  is  made  (o  play  round  the  lub«s 
with  a  peculiar  arraii|;;enient  of  connecting  pipes  proce«d- 
ing  from  the  upper  part  of  one  tube  to  nearly  the  lonrr 
part  of  another,  according  to  its  elevation;  by  ibt^  (be 
quantity  of  uater  and  sleain  in  each  is  regulated. 

Two  plans  of  opening  and  shutting  the  steam  pan^a 
are  described*  In  the  first  place,  the  steam  is  admitteii 
into  the  cylinder,  and  permiited  to  escape  from  it  ihrouffh 
holes  in  its  top  and  bottom  plates,  by  means  of  additional 
plates  with  smaller  holes,  which  are  alternately  brou«;bt 
opposite  the  holes  communicating  with  the  cylinder,  thtr 
boiler,  nnd  the  condenser.  The  cylinder  is  furnished  with 
a  jacket  or  steam  chamber,  extending  above  and  below, 
as  well  as  round  it.  The  exterior  top  and  bottom  pUlo 
are  niiidr,  by  means  of  a  crank-motion,  to  oiiicillate,  and 
thus  the  communicatipns  between  the  cylinder  and  boiler, 
and  cylinder  and  condenser,  are  alternately  opened  and 
closed.  A  plan  similar  to  ihis,  was  introduced  eight  or 
ten  years  ago,  by  Mr.  Jacob  Perkins,  who  caused  hk 
communication-plates  to  rotate,  instead  of  vibrate  (nt^t 
page  245,  valve  e).  A  second  plan  of  opening  and  shut- 
ting the  steam  passages,  is  described  to  consist  of  two  flap* 
valves,  placed  in  a  pi^^e,  which  communicates  with  the 
boiler  at  one  end,  and  the  condenser  at  the  other.  ^V  com* 
munication  is  opened  from  the  top  of  the  cylinder  and  ibe 
frpace  beliveen  the  valves,  which  are  joined  by  a  conoKt* 
ing  rod.^  so  that  the  motion  which  opens  one  shuts  the  otb<rr, 
and  the  upper  part  of  the  cylinder  is  constantly  in  com* 
munication  either  with  the  boiler  or  condenser.  A  similar 
set  of  valves  and  pipe:*  efl'ect  the  same  thing  b^tweell  tbe 
lower  part  of  the  cylinder  and  these  vessels. 
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SUam  %jtd  Gas  EtigmCy  by   WilUatH   Willtnot  Hall^  of 
Baltimore^  America. 

This  engine,  which  is  applicable  to  all  the  purposes  for 
which  steam  engines  have  been  usually  employed,  is  actu- 
ated by  a  mixture  of  steam  and  gas,  in  the  following 
manner.  Into  a  steam  boiler,  of  any  convenient  form,  is 
introduced  a  pump,  called,  by  the  patentee,  a  gas  pump, 
in  capacity  about  two-thirds  of  the  working  cylinder  of 
the  engine.  This  gas-pump  is  made  on  the  double-action 
principle,  and  receives  its  supply  of  gas,  or  healed  clastic 
fluid,  from  the  chimney  flue,  which  is  made  to  pass  through 
the  boiler,  by  a  pipe  communicating  with  (he  top,  and 
another  with  the  bottom  of  the  pump;  Loth  these  supply- 
pipes  are  furnished  with  valves,  opening  towards  iho 
pump,  which  is  likewise  furnished  with  two  outlet  pipes, 
communicating,  the  one  from  its  top  and  the  other  frttm 
il3  bottom,  into  the  upper  or  Htcain  parts  of  the  boiler. 
Tbese  pipes  are  likewise  furnished  with  valves,  but  open- 
ing in  a  contrary  direction  to  the  others,  or  from  the  pump 
towards  the  boiler. 

The  packing  of  this  pump-piston  must  be  metallic,  and 
the  valves,  or  the  communication  between  the  chimney  and 
pump,  must  be  lined  with  platinu,  to  prevent  their  being 
injured  by  heat. 

The  piston  rod  of  the  gaa-pump  passes  through  n  stuff- 
ing-box at  the  top  of  the  boiler,  and  is  connected  with 
and  actuated  by  the  working  cylinder  of  the  engine.  After 
the  steam  is  up,  and  the  engine  thereby  put  in  motion,  the 
chimney  is  closed  by  a  damper,  situated  Just  above  the  in- 
sertion of  the  supply-pipes,  when  the  hot  elastic  fluids 
issuing  from  the  fire,  are  pumped  into  the  upper  part  of 
the  boiler,  where  they  mingle  with  ihestean^,  and  are  con- 
veyed in  the  usual  way  to  the  working  cylinder. 

We  cannot  ascertain,  either  from  the  title  or  the  speci- 
fication of  lhi!$  patent,  whether   the   patentee   intends,  by 
kis  invention,  to  improve  (he  eflToct  of  steam   in  actualitir 
32.  5  c 
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machinery,  or  to  destroy  (he  disagreeable  efHaiia  oruiaf 
from  ihe  flues  of  engines,  hy  mixing  it  uilh  the  siteatn  ia 
the  boiler;  we  should  imagine^  hoviever,  (hat  be  intaAi 
the  latter,  as  be  gives,  in  the  some  specification,  a  detcri^ 
tion  of  a  method  of  supplying  the  furnace  uniformly  vitk 
coals.  And  this  he  effects  by  placing  o\-er  the  furnaMa 
hopper,  witli  a  moveable  piston-shaped  boltoro,  pcrfontrd 
with  n  number  of  circnlur  hole<t,  about  six  inches  dia- 
meter. This  hopper  bottom  is  furnished  with  a  vertical 
rod,  by  which  it  is  suddenly  lifted  and  let  fall  by  eierr 
stroke  of  the  engine,  ihu^t  agitating  the  fuel  in  Ihe  hop- 
per, and  producing  a  regular  supply  Ihrongh  the  eircuhr 
holes  in  the  bottom  plate. 

Rroderip^s  Improvements  in  Steam  Engines^  paiemted  bif 
Joseph  D'Arcyy  of  Leicester  Square.   1829. 

(Ab  Legatee  to  the  Inveotor.) 


|i^ 


By  this  invention  it  was  proposed  to  connect  the  u 
end  of  the  piston  rod  immediately  to  the  crank  by  which 
rotary  motion  is  produced,  without  the  interrentioa  of 
guide  rods,  or  parallel  motion;  neither  does  he  require 
the  cylinder  to  oscillate;  but  he  makes  the  piston  rod  (tt 
accommodate  itself  to  the  difierent  positions  of  the  crank  by 
ribrating,  and  for  that  purpose  it  is  attached  to  Ihe  piston 
by  a  hinge  joint.  And  the  stu(ling-box  through  ^^bich  it 
passes  ia  made  to  slide  in  a  dove-tail  shaped  groove,  back- 
wards and  forwards,  across  the  lop  of  the  cylinder;  wbil* 
that  part  of  the  box,  through  which  the  piston  rod  pasMf 
has  a  small  oscillating  motion  on  steam-tight  joints,  tkit 
it  may  retain  the  position  of  the  piston  rod. 

Instead  of  this  sliding  stufling-box  apparatus,  the  paten- 
tee purposes,  under  certain  circumslnncefi,  to  surround  iH^ 
vibrating  piston  red  by  a  cylinder  which  is  attached  «tcam- 
tight  to  the  piston,  and  made  sufHciently  wide  for  the  pi<* 
ton  to  vibrate  within  it.  In  lhi<  case,  it  b  evident,  ihit 
the  inclosing  cylinder,  and  not  the  pistou  rod,  must  work 
steam-light  through  the  stuffing-box. 

It  is  not  very  clear  what  advaitluge  the  patentee  had  io 
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^ii-w  by  iLese  urraiigeiueiils,  bul  it  is  prolnible  lliat  he 
hjs  ovrrrutod  (he  iiiiperri'iMioiis  of  the  parallel  motion  und 
(he  sliiig-coniiecliiig  ruds  and  guides  usually  employed  ;  as 
it  is  perfectly  cvitlent,  (hnt  either  of  the  plans  which  he 
hn4  patented  will  add  to  the  difVtculty  and  expense  of 
manufacture,  and  also  to  the  waste  uf  power,  by  an  increaai' 
of  the  rubbins^  surfaces;  whether  they  be  in  the  form  of 
a  slidinc:  stuffiiiff-box,  or  (he  enlarg^ed  cylinder,  workinjj 
through  u  stutling^-box  of  the  usual  construction.  Be- 
sides, in  the  latter  plan,  the  area  of  the  upper  side  of  the 
piston  is  so  much  diminished  by  the  pitfton  rod  case,  (hat 
the  difference  between  the  force  of  the  steam  exerted  on 
(he  upper  and  under  sides  of  the  piston,  will  cause  an 
irregularity  in  the  operation. 

In  addition  to  these  inventions,  the  patentee  describes 
u  method  of  tran-c^niittin^  motion  from  one  part  of  machi- 
nery to  another,  xvhich  consists  of  similar  cranks,  connected 
together  by  rods  either  straight  or  branched;  and  this  is 
said  to  be  very  useful  on  board  of  steam  vessels;  hut  it  is 
really  a  contrivance  possessing  so  little  originality  und 
importance,  that  workmen  have  long  been  accustomed  to 
design  such  plan^,  whenever  they  required  to  transmit 
motion  to  dilTerent  parts  of  a  factory,  or  of  a  machine, 
without  ever  imagining  that  they  had  invented  any  thing 
worth  protecting  by  his  Majesty^s  letters-patent,  or  even 
communicating  to  their  fellow-workmen. 


Paient  Steam  Engine,  by  E.  and  /.  Dakeyne^  of  Darby 
DaUy  Derbyshire.    IKJO. 

This  invention  consists  of  a  hollow  spherical  vessel, 
having  within  it  a  moveable  globe;  of  a  diameter  consi- 
derably smaller  than  the  interior  diameter  of  the  hollow 
sphere. 

From  the  upper  part  of  (he  interior  ball  proceeds  » 
tapering  rod,  which  passes  through  a  large  hole  in  the 
hollow  Rphore,  and  turns  with  a  conical  motion,  giving 
motion  to  a  hori/  >nlal  crank  and  a  train  of  wheels.     To 
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the  equator  of  tlic  ball,  regarding  the  tapering  rod  will 
ole,  is  attached  a  Hat  rini:^,  which  extends  to  asd  III 
steam-tight  within  the  hollow  sphere.  Oil  one  side  of  ihii 
rin^  a  notch  i^s  made,  to  admit  two  coinmtuiica(ioin,tk 
one  for  the  ingress  and  the  other  for  the  egren  of  tk 
steam  or  other  fluid  by  which  the  machine  is  to  be  put  in 
motion. 

NoWy  suppose  the  ring  to  be  raised  on  the  side  next  to 
<he  passages^  the  steam  water  or  other  actuating  fluid  eu 
enter,  bul  cannot  pass  round  to  the  egress  passages,  with^MH 
raising  the  ring  on  the  opposite  side  ;  and  it  cannot,  mH^ 
its  connexion  with  the  crank,  be  raised  on  the  opponte 
side,  without  causing  the  tapering  bar  to  describe  a  cod!< 
cal  motion,  which  is  converted  into  a  circular  motion, 
through  the  instrumentality  of  the  crank 


Patent  Steam  Engine^  by  If.  Grisentkwaite,  Eitq,  of  Nw^ 
iinghum,     1830. 

The  certain  improvements  here  contemplated  are  ofth^ 
most  extraordinary  kind  we  have  ever  met  with,  insfpe- 
cilication  of  a  patented  invention;  for  it  is  merely  said  to 
be  the  application  of  iron  weights  with  the  mercury  or 
other  fluid  metallic  substance  in  the  rotary  engine  patented 
by  Mr.  Jamen  Watt,  in  17G9.  The  iron  weights  are  to  be 
furnished  with  anti-friction  rollers,  to  facilitate  their  mo- 
tion in  (he  channel  of  the  wheel.  The  present  pateotee 
does  not  describe  the  engine  to  which  he  is  to  apply  his 
improvements-  and  as  Mr.  Watt  invented  and  patented 
several,  and  notices  them  in  the  following  vague  teroMi 
it  is  difficult  to  comprehend  the  precise  nature  of  the  pre- 
sent invention.  Mr.  Watt  says,  *' Wlien  motions  roasd 
an  axis  are  required,  I  make  the  steam  vessels  in  form  of 
hollow  ring<i  or  circular  channels,  with  proper  inlets  and 
outlets  for  the  HVcain  mounted  on  horizontal  axes,  like  Ibc 
wheela  of  a  water  mill.  Within  them  are  placed  a  num- 
ber of  valves,  ihRt  suffer  any  body  to  go  round  the  chan* 
nel  in  one  direction  only.  In  these  steam  vessels  sre 
placed  weights,  -^o  lilted  to  them  as  entirely  to  fill  up  a  part 
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or  portion  of  their  channels,  yet  rendered  capable  of  mov* 
ing  freely  in  them,  by  the  means  hereinafter  mentioned  or 
specified.  When  the  steam  is  admitted  into  iheae  engines 
between  these  weights  and  valves,  it  acts  equally  on  both, 
so  n-4  to  raise  the  weight  to  one  side  of  the  wheel,  and  by 
the  re-action  on  the  valves,  successively  to  give  a  circular 
motion  to  the  wheel,  the  valves  opening  in  the  direction  in 
which  the  weights  are  pressed,  but  not  on  the  contrary.  At 
the  steam  vessel  moves  round,  it  is  supplied  with  steam  from 
the  boiler,  and  that  which  has  performed  its  office,  may 
either  be  discharged  by  means  of  condensers,  or  into  the 
open  air." 

In  addition  to  the  improvements  on  Mr.  Watt's  rotary 
engine,  Mr.  Grisenthuaite  claims  the  application  of  nier- 
4:ury  to  the  rubbing  parts  of  machinery  generally,  insteaa 
of  oil  or  other  lubricating  material 


Patent  Steam  Engine^  by  Benjamin  ReeveSy  PhUadtlphia 

1830, 

The  claim  of  the  patentee,  (which  only  extends  to  th£ 
United  States,)  exhibits  pretty  fully  the  general  object  of 
the  patent;  it  is  in  the  following  words  :  ^^  What  I  cluirr. 
as  new,  as  my  own  invention,  xa  a  mode  or  modes,  by  which 
lubricating  substances  may  be  applied  to  the  interior  sur- 
face of  cylinders  or  other  vessels^  in  which  moving  pistons 
operate,  in  steam,  hydraulic,  or  other  engines,  in  such  a 
manner  as  to  prevent  their  escape  to  the  cavity  of  ths 
cylinder,  or  other  vessel,  other  than  by  contact  with  their 
surfaces/* 

Several  modes,  it  is  said,  may  be  adopted  for  the  purpose 
indicated,  and  one  of  which  is  described  in  the  specifica- 
tion; it  consists  in  leaving  a  cavity  around  the  piston,  in 
the  centre  of  the  packing,  which  cavity  b  to  receive  the 
lubricating  substance.  A  ring  of  iron,  or  other  mclul, 
is  made  of  the  siee  of  the  interior  of  the  cylinder  ;  a  groove 
13  formed  on  the  outer  edge  of  this  ring,  and  when  the  pis 
ton  is  packed,  the  ring  is  to  be  inserted  in  the  middle  of  it. 
A    tub(\  with   a    funnel   and   cock  attached   to   it,  parses 
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through  tliG  jide  of  iLc  cylinder,  and  whenever  the  pistM 
ia  brought  to  rest  with'  the  cavity  opposite  to  the  titbit 
the  lubricating  matter  may  be  admitted.  There  b  a  ftecoad 
tube  and  cock  on  the  oppot^ite  side  of  (he  cylinder,  to sUdv 
of  the  escape  of  air  or  vapour,  which  might  obstruct  iW 
influx  of  the  lubricating  fluid.  ^^The  lubricator  mty  be 
supplied,  when  the  engine  is  in  o;  erationi  bv  metw  of 
cams,  or  other  contrivance.^* 


Patent  Rotary  Steam  Engine,  by  John   StreU,    Eaq^ 
Cli/toHy  Gloucestershire,  183Q. 
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Mr.  Street  purposes  to  place  upon  the  same  Bx'ts  l«o 
cylinders,  so  arranged  with  respect  to  the  steam  paaago, 
lliat  the  communication  beween  the  boiler  and  the  fylia> 
der  h  opened  to  the  one,  \%h\\e  it  is  closed  to  the  other; 
and  thus  the  action  on  the  axis  is  kept  up  by  one  of  the 
c) tinder)^,  during  the  time  that  a  piston  or  fan,  which  is 
attached  to  the  axis,  passes  a  steam  slop^  which  is  made 
ro\d  back  in  a  recess  in  the  upper  part  of  the  cylinder. 

The  admission  of  the  steam  into  the  cylinder  i« 
means  of  a  hollow  axis,  which  turns  within  them, 
through  the  medium  of  which  the  power  is  to  be  conuno* 
nicaCed  to  any  required  purpose.  A  steam  pipe  from  the 
boiler  terminate?  in  a  box  through  which  the  hollow axb 
passes,  being  rendered  steam-tight,  by  packing  on  each 
side.  Several  longitudinal  openings  are  made  inio  that 
part  of  the  axis  which  is  within  the  box.  The  area  of  thoe 
openings  being  made  equal  to  the  interior  area  of  ibe 
steam  pipe.  By  this  means  the  hollow  axis  becomes 
charged  with  steam,  which  passes  from  hence  into  the  cy- 
linders, by  two  pipes  in  connexion  with  two  other  steam 
boxcKj  w'lich  fitsteam-tight  where  there  are  openings  on  op- 
posite sides  of  the  axis,  so  that  the  communication  is  always 
open  to  one  of  the  cylinders,  while  it  is  tthut  ofl*  from  the 
other.  The  cylinders  are  both  fixed  on  firm  stands,  and 
there  is  placed  within  each,  a  rectangular  pistou  or  fan, 
which  is  to  be  fixed  on  one  edge  to  the  axis,  and  packed 
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%Q  as  to  work  slenm-tight,  agairiiil  the  periphery  and  ends 
of  the  cylinder.  As  a  steam-stop,  a  rectangular  piece  w 
jointed  to  the  upper  part  of  the  c)lindei',  and  turns  back 
into  a  recess,  while  the  piston  passes  it.  One  of  the  pivots 
OD  n'hich  the  steam-stop  turns,  passes  through  a  stuffing- 
box,  and  has  attached  to  it  a  lever,  with  a  weight  to  con- 
stitute a  counterpoise  to  the  steam-stop;  or  the  recess  into 
which  (he  steam-stop  turns  is  made  large  enough  to  admit 
of  a  counterpoise  being  applied  within  the  steam-tight 
cylinder.  The  steam-stop  la  made  to  full  into  the  position 
uf  its  action,  either  by  its  own  gravity,  or  eUe  it  is  actu- 
ated by  exterior  cams  or  eccentrics. 

Mr.  Street  proposes  another  method  of  admitting  the 
vteam  into  the  cylinders,  which  he  states  may  be  some- 
times employed  with  advantage;  it  consists  of  two  valves 
attached  to  the  extremities  of  a  lever  turning  upon  a  ful- 
crum at  its  middle,  by  which  one  of  the  valves  is  opened 
upwards  and  the  other  downwards  at  the  same  time. 
These  valves,  with  their  seats,  are  included  in  an  enlarged 
part  of  the  steam  passage,  and  they  arc  actuated  by  a 
lever,  the  extremity  of  which  rests  upon  the  periphery  of 
a  wheel,  and  by  dropping  into  a  notch  on  one  side  of  the 
wheel,  the  valves  are  opened. 


Improvements  in  Steam  EfigineSj  by  William  Thitin  Hay- 
crqfl,  M.D.  Greenwich,    1830. 

It  has  been  found,  as  stated  by  Dr.  Haycraft,  that  steam 
surcharged  with  caloric,  or  such  as  has  been  augmented 
in  temperature,  after  it  has  assumed  the  gaseous  state,  h 
exceedingly  difficult  to  keep  from  passing  the  piston  in 
the  working  cylinder,  and  from  injuring  the  packing,  ii 
made  of  hemp  or  similar  material,  as  well  as  from  carbo- 
nising the  tallow  or  oil  used  fur  lubricating  the  cylinder 
and  piston. 

The  patentee  having  ascertained,  experimentally,  that 
the  elasticity  and  power  of  steam  can,  by  the  application 
of  heat  after  the  steam  is  generated,  be  greatly  augmented^ 
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ivith  a  comparatively  small  :oiisumptioD  of  fuel,  &et  ibMt 
inventing  an  engine  to  he  worked  with  surcharged  Mnau 
without  its  being  liable  to  the  objections  above  alluM 
to.  The  plan  by  which  he  purposes  to  pre:»erke  th«pi 
packing  and  oil  from  being  carbonised,  and  at  tfae 
time  to  prevent  the  high-presi^ure  steam  from  passing  th« 
piston  on  which  it  presses,  is  to  keep  water  on  the  uimIct 
side  of  the  piston,  while  the  steara  only  acts  on  the  upper 
side.  This  he  effects  by  placing  his  boiler  in  a  positiM 
higher  than  the  working  cylinder,  and  making  a  comnio- 
nication  frotn  the  bottom  of  the  boiler  to  the  lower  end  ot 
the  cylinder,  and  from  the  top  of  the  boiler  to  the  upper 
end  of  the  cylinder.  The  piston  rod,  which  passes  tbroufi;h 
the  bottom  of  the  cylinder,  is  made  so  thick,  that  the 
square  of  its  diameter  shall  be  just  half  the  square  of  Ihf 
diameter  of  the  cylinder,  or  that  the  area  of  a  section  ot 
the  piston  rod  shall  be  half  the  area  of  the  lower  side  ol 
the  piston.  This  being  the  ca<ie,  it  is  evident  that  th^ 
water  can  only  press  upon  half  the  area  of  the  piston,  the 
thick  piston  rod  occupying  the  other  half,  while  the  steam 
acts  upon  the  whole  area  of  the  upper  sides;  hence,  ythta 
the  steam  passage  from  the  top  of  the  boiler  and  tke  vp- 
per  end  of  the  cylinder  is  open,  the  piston  will  be  forceil 
down  with  a  power  of  twOy  while  it  is  resisted,  by  \he 
water-passag;e  from  the  bottom  of  the  boiler  tu  the  lower 
end  of  the  cylinder,  being  open  by  the  power  of  oMi  M 
that  it  will  descend  with  a  power  of  one,  and  when  it 
reaches  the  bottom,  the  steam  communication  is  stopped 
off,  while  the  steam,  now  in  the  cylinder,  is  allowed  to 
escape  through  an  eduction  valve;  when  the  pistun  will 
ascend  by  the  pressure  of  the  water  below  it,  with  a  poMer 
of  one,  or  the  same  with  which  it  descended.  When  the 
piston  reaches  the  top  of  the  cylinder,  the  sleam  paaiOfe 
is  again  opened,  and  the  eduction  cock  closed,  when  it 
will  be  forced  down  as  before;  and  thus  a  consiunt  Bad 
uniform  action  is  obtained  by  the  acti(  n  of  water  on  o0t 
Bide  of  the  piston,  and  the  action  of  steum  on  the  otW> 
When  it  is  inconvenient  to  place  the  boiler  higher  tbw 
the    working  cylinder,    a    waler-rjlinder   is   inlroduced, 
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which  is  made  to  communicate  with  the  lioilor,  and   thus 
ananer  the  same  purpose  ns  the  elevated  boiler. 

The  contrivance  is  so  ing^eniouR,  that  we  cannot  but  re- 
gret to  notice  what  may,  in  some  measure,  be  deemed  n 
defect;  but  it  will  readily  be  perceived,  that  an  increase 
of  tViction  will  result  from  the  enlargement  of  the  piston 
rod.  The  arrangement  of  the  different  parts  of  this  engine 
will  be  at  once  comprehended,  by  inspecting  the  accom- 
panying engraving,  where  a  a  represents  the  working 
cylinder,  with  its  piston  6,  and  a  large  piston  rod  c,  pass- 
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ing  through  its  stufliiiEr  b  g  g,  rf  is  the  boiler,  with  acftm- 
iiiunicatioM  c  e,  for  the  water  to  pass  freely  helweeii  it  and 
the  lower  end  of  the  cylinder.  ff'\^  a  steam  cominuiiif3' 
tion  between  the  boiler  and  the  upper  end  of  (he  cxlindfr, 
represented  as  broken  otT.  In  connexion  with  tliissiram 
passage,  is  a  two-way  cock,  of  the  usual  construction,  for 
permitting-  the  steam  to  escape,  after  it  has  forced  thept^ 
Ion  to  the  bottom  of  the  cylinder.  Somelimes  the  npp« 
or  steam  end  of  the  cylinder  is  surrounded  by  a  portion  of 
the  flue,  to  continue  or  increase  the  elastic  force  of  tlir 
steam;  but  \^hen  this  plan  is  adopted,  (he  cylinder  niu'>i 
be  protected  from  injury  by  a  coating  of  lire-brick,  or 
other  non-conducting  material. 

Several  inn^enioiis  modifications  of  this  principl<^  of 
working  alternately  with  steam  and  water  are  describ«*(t 
in  the  specification  of  the  patent,  which  arc  deservine^of 
the  attention  of  engineers;  but  from  the  draw in«9  given 
of  them,  (one  of  which  is  inserted  in  the  Register  of  Arts 
&c,  for  January,  1S31,)  it  would  appear,  that  considersblr 
obstruction  to  the  motion  of  the  piston  would  ariiie  from 
the  smallncss  of  the  water  passages,  and  power  would  ar* 
cessarily  be  wasted  In  causing  water  to  pass  through  pipn 
with  great  velocity.  There  will,  ho»vever,  be  but  littk 
difliculty  in  adjusting  the  magnitude  of  the  various  parti 
of  the  apparatus,  to  avoid  all  imperfectiunn  of  this  descrip- 
tion. U  uill  also  be  necessary  to  use  either  distilled  or 
very  carefully  filtered  water,  to  prevent  the  injury  to  th«* 
pititun  and  cylinder,  which  would  be  caused  by  the  iolro- 
duction  o^  sand,  or  other  gritty  matter. 
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About  6 Ay  years  a^o,  when,  from  the  great  impiove* 
merits  introduced  by  Watt  and  his  contemporaries,  8team 
engines  became  very  numeruuH,  niany  HcientiHc  and  prac- 
tical men  directed  their  attention  to  the  discovery  of  some 
means  by  which  the  large  quanlilieii  of  dense  black  smoke 
inning  ftoni  the  chimneys  of  the  furnaces  (so  prejudicial 
to  the  comfort,  if  not  to  the  health,  of  the  neighbouring 
inhabitants^  might  be  prevented.  Numerous  were  the 
plans  tried  to  consume  the  smoke,  and  although  some 
were  partially  successful,  they  were  found  generally 
either  inconvenient,  or  occasioning  a  greater  consumption 
of  fuel,  so  as  to  lead  to  no  advantageous  result  to  the 
proprietors,  however  the  public  might  be  benefited  by 
their  adoption.  These  circumslances  led  to  the  abandon- 
ment of  most  of  the  plans,  except  in  those  instances 
wherein  the  proprietors  were  compelled  to  their  adoption 
and  continuation  by  indictments  for  public  nuisances. 

With  the  laudable  oltject  in  view  of  reducing  the  great 
and  growing  evil  of  dense  smoke  in  populous  places,  the 
Society  for  the  Encouragement  of  Arts,  &c.  have,  for 
nearly  Hfiy  years  past,  offered  a  reward  for  llie  best  me- 
thod of  consuming  smoke  in  steam  engines  and  other  fur- 
naces. The  constant  notiBcatlon  of  this  reward  has  pro- 
bably tended  to  keep  the  subject  alive  in  the  minds  of 
inventors,  but  it  docs  not  appear  to  have  been  productive 
i>f  many  plans  being  submilled  to  the  Society,  that  could 
he  deemed  of  any  great  prnctrcal  value.  (The  only  one 
which  we  are  aware  of,  that  has  any  claim  to  this  oharar- 
ler,  was  the  invention  of  iMr,  llobtM't  Chapman,  in  18*23, 
which  we  shall  describe  in  its  place.)  The  intrinsic  value  of 
the  reward  u  as  most  Hkely  deemed  by  inventors  as  a  very 
trifling  compeni^ation  for  a  discovery  which  was  calculated 
to  '^  make  their  fori unes,"  and  induced  Ihcni  to  prefer  in- 
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curring  the  cost  of  patents,  and  thus  take  a  great  deal  of 
money  out  of  their  pockets,  instead  of  putting  a  little  id; 
viewing  their  inventions,  of  course,  as  the  ne  plus  Kifmof 
perfection,  and  confidently  anticipating  gulden  harvests 
as  their  results.  • 

It  has  been  usual  to  consider  Mr.  »Vatt  as  the  earliest 
Inventor  of  a  furnace  for  the  combustion  of  its  own  sm^e, 
and  perhaps,  as  respects  its  application  to  steam-ea^iae 
furnaces,  the  idea  is  correct,  lu  France,  apparatus  for 
the  purpose  was  used  in  many  manufactories,  in  the  seven* 
teenlh  century.  In  the  volume  of  the  Academy  of 
Sciences  for  1699,  some  experiments,  by  M.  de  la  i]ire,are 
given,  ubich  have  reference  to  an  invention,  made  man) 
years  previous,  by  M.  Delasme,  a  French  engineer.  The 
latter,  we  are  told,  exhibited  his  furnace  for  consuniin^r 
its  own  smoke  at  the  fair  of  St.  Germain,   in  the  year 

The  Bre-place  of  M.  Delasmc  consisted  of  a  long  tabe, 
bended  into  the  form  of  a  syphon  inverted,  the  longest 
Ic^  of  which  formed  the  chimney,  and  the  shortest  the 
furnace.  The  fuel  was  deposited  on  a  grating  near  the 
lop  of  the  shortest  leg,  being  supplied  from  above.  Sooa 
after  the  ignition  of  the  fuel,  the  heat  was  commuoicaled 
to  the  longest  leg  or  chimney,  and  by  that  n^eans  a  current 
of  air  was  caused  to  pass  downward,  through  the  fuel  and 
uiulcr  the  grate,  where  the  smoke  was  consumed. 

Dehisme's  apparatus  was  described  in  Dr.  Boerhaave's 
Treatise  on  Chemistry,  and  likewise  in  Annates  de  Chimie, 
for  1S09;  in  a  report  made  by  M.  Guyton  IVIorveau  and 
De  Froney,  on  a  method  employed  at  the  mint,  in  Paris, 
by  M.  Gengembre,  to  consume  the  smoke  of  a  sieam 
engine  furnace;  and  as  some  of  the  observations  of  those 
gentlemen  seem  to  afford  a  very  clear  view  of  the  theo- 
retical part  of  the  subject,  we  shall  here  transcribe  thea^J 
from  an  English  translation.  fl 

It  is  well  known  that  black  smoke  is  formed  of  the  to- 
lalilised  parts  of  the  fuel,  which  are  suspended  in  the 
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transparent  gases  given  out  in  the  process  of  comhustion. 
These  volatilised  parl3  lire,  as  it  were,  lost  to  ihc  Sre, 
partly  because  the  mass  of  air  which  yielded  the  oxyp^eii 
was  not  in  a  proper  proportion  to  the  quantity  of  the  fuel, 
and  partly  because  the  fuel  was  not  sufficiently  heated   to 

»  decompose  the  air  with  which  it  was  in  contact.  The  re- 
cent proj^ress  which  the  theory  and  practice  of  the  arts 
which  depend  upon  chemistry  have  made  in  France,  have 

t  furnished,  for  some  years  past,  several  important  occa-^ions 
of  finding  out  the  best  method  of  fulfilling  the  conditions 
necessary  for  a  complete  combustion,  free  from  any  incon- 
veniences; the  principal  of  which  are  : — 

First,  such  a  dispo^^ition  of  the  fire-place,  that  a  cur- 
rent of  air  may  he  established,  flowing  through  the  door, 
or  some  opening  into  the  pipe  or  chimney,  by  which  the 
^ses,  set  free  by  the  combustion,  are  allowed  to  escape. 

Second,  the  flowing  upon  the  fuel  of  a  mass  of  air,  in  a 
due  proportion  to  (he  quantity  of  fuel,  and  in  such  a  man- 
ner that  the  fuel  shall  Knd,  in  the  air  which  comes  in  con- 
tact with  it,  such  a  quantity  of  oxygen,  that  all  the  mole- 
cules of  the  furl,  which  arc  capable  of  being  combined 
with  that  constituent  part  of  the  air,  shall  unite  with  it. 

In  the  month  of  June,  1785,  Mr.  Watt  look  out  patents 
for  several  methods  of  consuming  the  smoke  of  furnaces; 
and  as  several  modern  patents  present  great  similarity  to 
Mr.  Wattes,  M-e  shall  here  add  nearly  the  whole  of  his 
specification,  verbatim. 

"I,  the  said  James  Watt,  do  hereby  declare  that  the 
following  is  a  particular  description  of  the  nature  of  my 
said  invention,  and  in  what  manner  the  same  is  to  he  per- 
formed; that  is  to  savt  my  newly-improved  methods  of 
constructing  furnaoes  or  fire-places  consist  in  causing  the 
smoke  or  flame  of  the  fresh  fuel,  in  its  way  to  the  flues  or 
chimney,  to  pass,  together  with  a  current  of  fresh  air, 
through,  over,  or  among,  fuel  which  has  already  ceased 
to  smoke,  or  which  is  converted  into  coke,  charcoal,  or 
cinders,  and  which  is  intensely  hot:  by  which  means  the 
•moke  and  grosser  parts  of  the  flame,  by  coming  into  close 
contact  with,  or  by  being  brought  near  unto,  the  said  in* 
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.tensely  hot  Fuel,  and  by  bein^  mixed  with  the  current  of 
fresh  or  unburned  air,  nre  consumed  or  converted  into 
heat,  or  into  pure  flame  free  from  smoke. 

''I  put  this  in  practice^  first,  by  stopping  up  evert 
nvenue  or  passage  to  the  chimney  or  flues,  except  socbai 
^re  left  in  the  interstices  of  the  fuel,  by  placing  the  frcal 
fuel  above  or  nearer  to  the  external  air  than  that  whirb 
is  already  converted  into  coke  or  charcoal;  and  bv  coo- 
fitructtng  the  fire-places  in  sucli  manner  that  the  flame, 
and  the  air  which  animates  the  fire,  must  pass  downward 
or  laterally,  or  horizontallv,  through  the  biirnin|^  foH; 
and  pass  from  the  lower  part  or  internal  end  or  side  of  the 
fire-place,  to  the  flues  or  chimney." 

The  annexed  eng;ravin^  represents  a  section  of  a  Btram- 
cngine  boiler,  and  its  furnace  or  fire-place,  which  is  w 
example  of  this  method  of  heating  or  evaporatiaj  of 
water. 

a  is  the  boiler ;  6  is  a  flue,  surrounding  ihc  boiler  io 
the  usuul  manner;  c  is  the  *'  uptakf,*'  or  passage  from  the 
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space  under  Ihe  boiler  to  the  ilucs;  d  is  a  flue  tor  the 
flame  from  the  fire-place  to  the  boiler;  e  is  the  ash-pit,  and 
y*a  door  to  take  the  ashes  out  at,  which  must  be  continually 
kept  shut  during  the  time  of  vrorkiog ;  gh  h  the  fire-place. 
The  fresh  fuel  is  put  in  at  g^  and  g-radunlly  comes  down, 
as  the  fresh  fuel  consumes.  About  the  middle  of  the  fuel 
it  is  intensely  hot,  aa  it  consists  of  coke  or  coals  that  have 
ceased  to  smoke.  At  i  is  an  opening'  or  openings  to  admit 
frebh  air,  and  regulate  the  fire;  A:  is  a  door  into  the  space 
under  the  boiler,  which  being  opened,  admits  air,  and  stops 
(he  draught  of  the  chimney,  when  it  is  intended  that  the 
operation  should  cease.  The  fire  is  first  lighted  upon  the 
brick  arch  /,  and,  when  well  ignited,  more  fuel  is  gradually 
added,  until  it  is  filled  up  to  g,  and  care  is  taken  to  leave 
proper  interstices  for  the  air  to  pass,  either  among  Ihe 
fuel,  or  between  the  fuel  and  the  front  wall ;  and  as  much 
air  is  admitted  at  the  opening  t  as  can  be  done,  without 
cauping  the  smoke  to  ascend  perpendicularly  froni^,  which 
it  would  do,  if  too  much  air  be  so  admitted.  The  dimen- 
sions of  the  various  parts  of  the  fire-place  may  be  estimated 
by  our  engraving,  which  is  upon  a  scale  of  a  quarter  of  an 
inch  to  a  foot ;  which  makes  the  furnace  ten  feet  from 
front  to  back.  Mr  Watt  observes  that  (he  dimcnsionn 
exhibited  are  adjusted  for  burnilig  about  eighty-four 
pounds  of  coal  per  hour. 

*' In  some  cases,  after  the  flame  has  passed  through  the 
burning  fu  I,  1  cause  it  to  pass  through  a  very  hot  funnel, 
flue,  or  oven,  before  it  comes  to  the  bottom  of  the  boiler, 
or  to  the  part  of  the  furnace  where  it  is  proposed  to  melt 
metal  or  perform  any  otherofTice,  by  which  means  the  smoke 
is  still  more  effectually  consumed. 

'^  In  other  cases,  I  cau(:e  the  flame  to  pass  immediately 
from  th€  fire-place  into  tfie  space  under  a  boiler,  or  into  the 
bed  of  a  melting  or  other  furnace." 

The  annexed  engraving  represents  a  vertical  section  of 
a  furnace  for  melting  iron  or  other  metaK  w'th  a  similar 
kind  of  fire-place  to  the  foregoing  adapted  to  it,  in  whicli 
the  same  letters  of  reference  as  in  the  preceding  figure 
indicate  similar  parts  in  this. 


The  specification  states  that — "in  some  cases,  the 
of  these  fire-places  h  preferred  sloping,  and  othei 
varied  in  form  and  proportions;  but  in  all  cases  ibe 
principle,  that  of  placing;  the  fresh  fuel  next  to  the  exte^ 
rial  air,  ho  that  the  flame  or  smoke  passes  over  or  through 
the  coked  or  charred  part  of  the  fuel.  Occasionally,  the 
opejiiii*^  g  is  closed  with  a  cover,  to  cause  the  air  lo  eater 
Vholly  or  principally  at  i." 

The  following  figure  exhibits  another  arrangement  spe- 
cified in  the  same  patent,  and  the  principle  is  deserf- 
ing  of  attention,  as  other  patents  have  been  subsequeatl]' 
taken  out  for  similar  inTcntions,  arising  probably  from 
ignorance  of  this,  which  the  public  should  know  in  open 
to  their  adoption. 

Mr.  Walt  observes,*— '*  In  some  cases  1  place  the  frak 
fuel  on  a  grate,  as  usual,  as  at  a,  and  beyond  that  ^rate,  at 
or  near  the  place  where  the  flame  passes  into  the  flues  or 
chimneys,  I  place  another  smaller  grate  6,  on  which  I 
maintain  a  fire  of  charcoal,  coke,  or  coals,  which  hare 
previously  burnt  tinlll  they  have  ceased  to  smoke,  which, 
by  giving  iiiten«?p  beat,  and  admitting  some  fresh  air,  con* 
sumes  tlie  smoke  of  the  first  fire. 

**  Lastly,  be  it  remembered,  that  my  said  new  invcDtion 
consists  only  in  the  method  of  consuming  the  smoke,  and 
increasing  the  heat,  by  causing  the  smoke  <iwrf  flttmt  of  tki 
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fresh  fuel  to  pass  through,  very  hot  funnels  or  pipes^  or 
aniong,  througli,  or  near,  fuel  which  is  intensely  hot,  and 
which  has  censed  to  smoke;  and  by  mixing  it  with  fresh 
air,  when  in  these  circumstances;  and  in  (he  form  and  na- 
ture of  the  Hrc-places  herein  mentioned,  described,  and 
delineated:  the  boilers  and  other  parts  of  the  furnaces 
being  such  as  are  in  common  utie.  And  be  it  also  remenj- 
bered  that  these  newly  invented  fire-places  are  applicable 
to  furnaces  for  almost  every  use  or  purpose,'* 

From  the  wording  of  Mr.  Watt's  claim,  it  is  evident 
that  he  could  not  have  sustained  his  patent,  had  it  been 
disputed:  the  words  we  have  marked  in  italics  form  a 
literal  and  exact  description  of  Delasmc\s  invention,  just 
one  hundred  years  before.  This  fact  show»  that  Mr.  Walt 
was  unacquainted  with  ihe  inventions  and  experiments  of 
the  French  engineers  to  which  we  have  adverted. 

The  next  record  of  an  apparatus  for  (he  consumption  of 
smoke,  since  the  date  of  Mr.  Wat(*s  patent,  is  Ihe  subject 
of  a  communication  made  to  (he  Society  of  Arts,  in  J790, 
by  Mr.  W.  Pitt,  of  Pendeford,  near  Wolverhampton, 
wherein  he  describes  a  mode  of  converting  the  smoke 
arising  from  steam-engine  furnaces  into  tar,  with  a  view 
to  prevent  annoyance  to  the  neighbourhood,  and  obtain* 
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in^  a  quantity  of  a  very  useful   material.     We  mike  tW 
fbllowini^  extracU  from  Mr.  Pilt'a  letter  : — 

"  That  the  object  is  not  only  attainable,  will  be  dc«o»- 
Blrated  in  the  following  narrative  ; — but  also  that  vkIuU* 
articles  of  commerce  may  be  produced  in  large  qaaatitio, 
vrhenever  the  proprietors  of  such  works  shall  adopt  iV 
mode  of  constructing  their  buildings  proper  for  sneh  pr^ 
duction. 

^'The  articles  of  commerce  I  allude  to,  are  raiucratur, 
pitch,  and  varnish  :  there  are  already  three  coDflidcnbV 
works  erected  on  (he  banks  of  the  canal  in  this  conntj,  kt 
the  purpose  of  converting  the  smoke  of  pil-coal  into  (W 
above  articles;  the  one  at  Mr*  Wilkinson's  great  works  t( 
Bradley,  another  at  Tipton,  and  a  third  at  ibe  leid 
colliery  and  iron  works  upon  Dudley-wood :  they  w«f 
erected  by  Lord  Dundonald  and  Co.,  and  the  busiocM  it 
carried  on  with  success. 

^^  These  tar-works  are  erected  in  the  vicinity  of  lii^ 
iron  and  coal  works :  the  iron  masters  furnish  the  tar  vorb 
with  raw  coal,  gratis,  and  receive  in  return  the  cokespr»* 
duced  by  such  coal;  and  the  proprietors  of  the  tar  world 
have  the  smoke  only  for  their  labour,  and  interest  o^ 
capital. 

^'  The  process  is  conducted  in  the  following  manner :~ 
a  range  of  eighteen  or  twenty  stoves  is  erected,  and  ap- 
plied with  coal  kept  burning  at  the  bottom  ;  the  smoke  b 
conducted  by  proper  horizontal  tunnels,  into  a  capacioM 
and  close  funnel,  of  one  hundred  yards  or  more  in  length; 
this  funnel  is  built  with  brick,  supported  by  brick  archOf 
and  covered  on  the  top  by  a  shallow  pond  of  water,  wkkh 
pond  is  supplied  with  water,  when  wanted,  by  a  steam 
engine  belonging  to  the  coal  or  ironworks;  the  chill  of 
the  water  gradually  condensing  the  smoke,  it  falU  upon 
the  floor  of  the  funnel  in  the  form  of  tar,  and  is  conveyed 
by  proper  pipes  into  a  receiver,  from  whence  it  is  pumped 
into  a  large  boiler,  and  boiled  to  a  proper  con&istence,  or 
otherwise  inspissated  into  pitch:  when  the  latter  is  ik* 
case,  the  volatile  particle^)  which  arise  during  the  inspian^ 
.tion  are  again  condensed  into  an  oil  used  for  varnish. 
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'*  In  this  process  the  smoke  is  decomposed  and  destroyed, 
nothing  arising  from  the  work  but  a  white  vapour  from 
soiue  small  funnels,  (kept  open  to  give  draught  to  the 
fires),  and  a  small  evaporation  of  water  from  the  pond, 
occasioned  by  the  warmth  of  the  smoke  within  the  funnel. 

^^The  process  requires  but  little  attendance,  the  princi- 
pal labour  being  that  of  supplying  the  fuel.  In  any  one 
of  the  tar  works,  the  quantity  of  coal  used  is  about  twenty 
tons  per  day  ;  three  labourers,  with  a  foreman,  are  suffi- 
cient for  the  whole  business:  the  quantity  of  tar  pro- 
duced will  be  about  twenty-eight  barrels,  of  two  hundred 
weight  and  a  half,  in  six  days,  worth  ten  shillings  per  hun- 
dred ;  or  twenty-one  barrels  of  pitch  of  the  same  weight, 
worth  fifteen  shillings  per  hundred  ;  though  1  was  assured 
upon  the  spot,  by  a  very  intelligent  person,  that  some  cual  is 
of  so  bituminous  a  quality,  as  to  give  one-eighth  its  weight 
of  tar  :  but  the  quantity  above  slated  is  about  the  average 
produce. 

**^  In  order  to  bring  the  above  practice  within  the  So- 
c'letv's  intentions,  un  alteration  in  the  erection  of  steam 
ep^ines,  furnaces,  &c.  must  take  place;  the  alteration  will 
be  no  more  than  that  of  erecting  them  below  ground,  in- 
stead of  above:  and  when  raising  water  is  the  main  ob- 
ject, an  adoption  of  the  forcing  or  lifting  pump,  instead  of 
the  sucking  pump,  or  the  sucking  pump  may  be  still 
employed,  wherever  the  fall  of  ground  gives  an  op- 
portunity of  letting  otf  the  water  raised,  by  an  aqueduot ; 
in  which  case,  the  lift  being  shortened,  and  less  power 
necessary,  ample  amends  will  be  thereby  made  for  the 
expense  of  such  aqueduct. 

'^Such  kind  of  buildings,  from  alow  situation  within 
the  earth*)  surface,  will  certainty  acquire  additional  stabi 
lity  :  and  to  those  who  are  acquainted  with  the  trifling 
expense  of  removing  soil  to  small  distances,  the  Rdditional 
charge  will  appear  tricing,  and  will  be  more  than  recom- 
pensed by  such  acquired  stability.  In  some  local  situations, 
in  hilly  countries,  the  smoking  works  being  erected  at  the 
foot,  and  the  tar  funnel  higher  up  the  hill,  a  communica- 
tion may  be  effected  without  such  alteration. 
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"  I  find  by  reports  from  other  quarters,  that  succt*- 
ful  attempts  have  been  made  to  make  coke  of  tbr  coal 
employed  in  working  steam  engines  ;  the  additional  !•• 
provements  of  making  tar  from  the  smoke,  would  not  oelv 
prevent  annoyance  to  the  neighbourhood,  but  aUo  Rppl; 
to  the  best  advantage  every  particle  of  that  valuable  aad 
comfortable  article,  coal;  prodigious  quantities  of  M 
are  at  present  ivasted  by  being  burned  in  one  pi 
heat  only,  in  another  for  coke  ouW;  when,  by  due  iiltCB- 
tion,  both  purposes  might  in  many  cases  be  effected  tt  ikc 
same  time. 

*'  1  was  informed  on  the  spot,  from  undoubted  anlb<»rit%, 
that  the  consumption  of  coal  in  Mr.  WilkinsoaN  grtat 
works  at  Bradley,  is  one  hundred  tons  p^r  da\  :  ibo»t 
one-fiHh  of  the  smoke  is  actually  employed  in  the  maki'ic 
of  tar ;  and  the  remainder,  or  the  smoke  of  eighty  tooi 
per  day,  flies  away.  This,  if  collected,  would  yield  ap- 
wards  of  eighteen  barrels  of  tnr,  of  two  hundred  anJa 
half  each  ;  and  if  the  smoke  of  the  great  works  of  Xht 
kingdom  were  in  general  collected  for  the  same  U9<*,  wk>t 
a  prodigious  addition  would  it  be,  to  the  production  ^r  ft 
commercial   and   necessary  article,   which  always  linos  t 
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ready  marWet^  and  will  in  many  instances  supply  the  ve- 
getable tar  at  present  imported  from  abroad  I 

"  The  tar  works  at  present  erected,  are  in  an  oblong 
form;  it  is  probable,  if  the  idea  above  described  be 
adopted,  a  circular  plan  would  be  most  suitable,  some- 
what similar  to  the  drawing  prefixed. 

^^ Explanation  of  (he  Plan,  a  is  the  steam  engine,  the 
base  of  which  suppose  thirty  feet  below  the  earth*s  sur- 
face, b  b  the  tar  funnel,  supported  by  arches,  and  covered 
with  water,  suppose  the  water  fifteen  feet  above  the  earth's 
surface,  ccccc  area  sunk  nearly  as  deep  as  the  base  of 
the  building  a.  d  gang-way,  level  with  the  earth^s  sur- 
face. 1,9,  3^4,  funnels  communicating  from  the  main  chim- 
ney to  the  tar  funnel." 

The  following  specification  is  descriptive  of  the  next 
invention  on  record,  which  we  insert  verbatim,  as  the  un- 
defined manner  in  which  the  invention  is  described  makes 
it  somewhat  hazardous  to  explain  with  certainty  what 
were  the  exact  arrangements  intended. 

The  claims  are  however  particularly  worthy  of  notice, 
B»  shewing  that  the  inventions  of  the  rival  disputants,  who 
recently  figured  in  a  court  of  law,  were  in  a  great  measure 
anticipated  by  the  claims  herein  made. 


Paiefit  Method  of  changing  the  Smoke  or  Vapour  arising 
from   the  combustion   of  many  kindi  of  mbstances  in 
various  useful  materials.     By    C,  If.  Ward,  of  Uatlon 
Garden^  London.   1792. 

*^  Now  know  ye,  that  I,  the  said  Charles  William  Ward, 
in  compliance  with  the  proviso  in  the  said  letters  patent 
contained,  do  hereby  describe  and  ascertain  the  nature  of 
my  said  invention  of  a  method  of  changins^  the  smoke,  or 
vapour,  arising  from  the  combustion  of  nmiiy  kinds  of 
substances  into  various  useful  materials,  according  to  the 
Hubstar.ces  burnt  as  follows.  All  smoke  or  vapour  from 
the  combustion  of  difierent  bodies,  is  capable  of  being  de- 
composed or  condensed;  but  as  the  vapours,  according  to 
the  substance  they  proceed  from,  require  to  pass  through 
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cold  water,  the  steam  of  boiling  water,  or  to  b« 
ooine  time  in  cold  ve^seU,  before  they  can  be 
the  change  cannot  be  effected  by  any   niclhod  hillirrW 
known,  because  none  of  them  are  capable  of  raakiag  tW 
Tapour  pass  through  water,  or  of  confining  it  lc>Qg  »no«gli 
to  condense,  without  choking  up  the  draught  ctfair  n<ca» 
sary  for  the  burning  of  the  fires.     My  invrntion   dupplirv 
this  defect,  by  making  a  constant  draught  from  the  1itt% 
and  causing  the  vapours   to  pass  through,  or  be  rfrtai#e4 
in  proper  vessels,  a  sufficient  time  for  it  lo  coodraae;  Ikk 
is  effected  by  connecting  the  aperture  of  the  ckimAvy  or 
chimneys  with  the  condensing   vessels  or    cbamben,  b} 
means  of  tubes  or  pipeti ;  then  is  to  be  pinced,  either  be- 
tween this  connejiiinn,  or  behind  the  condnwing  voids 
any  machine,  or  machines,  whose  principle  drpcod*  npua 
the  known  property  uf  all   fluids  rushing  in  lo   fill  up  tkt 
vacuum  caused  by  their  action  ;  that  is  In  say,  air  punp*) 
water  pumps,  ventilators,  bellows,  air  machines,  Sec;  tb«tc« 
however  different   their  constructions,  hare   alt  one  co^ 
Dion  principle,  and  therefore  the  application  of  ibrmf  or 
others  depending  upon    the  said  principle,   to  effect  tkc 
purpose  before-mentioned,  will  be  an  infringement  «p«Mi 
my  said   patent;    the  size,   number,  and  conatroetioa.  o^ 
the  condensing  vessels,  must  depend   upon    thi 
be   decomposed,   as  9ome   vaponrs  are   more   tjninun    •*• 
condense   than   others,  and    therefore   require    a     longer 
process. 

'^The  apparatus  being  thus  fixed,  the  substances  to  vieM 
the  smoke,  or  vapour,  aro  to  be  set  on  fire  under  the  clisa- 
ney,  or  chimneys,  and  the  machine  or  machines,  vel  in  m^ 
tion  by  a  steam  engine,  horse,  water  wheel  *^  '  i^- 
vapours  will  be  drnwn  from  the  fires  by  the  ai 
machine,  and  made  to  pass  through  the  coi'  ^rwvN 

to  be  decomposed.  There  must  be  opert;;..-  -.  .Ur  rmb, 
ofthe  condensing  vessels,  if  the  punkpiag  niachiue  be  placed 
between  tbem  and  the  chimney,  to  open  and  thut,  for  th^ 
purpose  of  giving  vent  to  the  incondensable  aint,  whid^ 
will  combine  with  the  vapours  in  burning,  and  pma^  wilht 
them  through  the  oppurutus.     If  the  machine  be  placed 
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behind  the  vessels,  there  will  be  no  occasion  for  those  aper- 
tures.    In  witness,  &c/* 

No  drawings  are  attached  to  the  foregoing  speci6caliony 
and  as  it  contains  no  defined  plans  that  appear  to  have 
been  reduced  to  practice,  the  information  it  gives  does  not 
extend  beyond  an  explanation  of  the  principle  of  the  ope- 
ration. We  sliall  have  occasion  to  make  some  further  re- 
marks upon  this  mode  of  preventing  the  issue  of  dense 
smoke  from  furnaces. 

In  1796,  a  plan  by  Mr.  Winiani  Thomson,  of  Bow  Lane, 
Cheapside,  was  publi::>hed  in  tlie  Repertory  of  Arts,  which 
appears  to  be  the  earliest  furnace  of  that  construction; 
we  annex  an  abbreviated  description  of  it. 

The  following  figure  represents  a  longitudinal  and  verti- 
cal section  of  the  furnace,  (and  consequently  of  the  boiler 
toO|  which  has  two  horizontal  flues  running  through  it,  but 
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not  represented  in  our  drawing);  b  the  fire-pUec,  wUck 
must  be  about  one-third  longer  than  they  Rr«  g^ncnOy 
made;  c  an  arch  uhich  runs  across  (he  firc-placr,  tw 
inches  lower  than  the  bottom  of  the  flue  under  (h«  boiUr, 
and  about  the  middle  of  the  fire-place  ;  #  i«  the  door  «l 
the  fire-place,  which  is  to  have  a  small  shutter  in  it 
Through  this  shutter  the  coa1±i  must  be  ^rnlU  Ktirred  a^ 
by  the  slice  or  poker,  taking  cnro  not  to  injure  the  artk 
nor  to  raise  too  great  a  quantity  of  coaU  at  once;/*  Ht 
small  space  left  behind  the  fire,  for  a  current  ofairtocoaK 
through;  adjoining  which,  at  the  extreroity  of  ibc  grMt 
bars,  there  is  a  brick  placed  across  the  fire-place,  to  priwl 
the  coals  from  falling  over.  There  are  two  aliilei  Ml 
shown  in  the  drawing,  the  one  to  shift  backward^  mm4  iW 
other  forwards,  to  make  the  space/,  for  the  cormt  of  akf 
larger  or  smaller,  as  may  by  practice  be  found  beat. 
The  operation  consists  in  the  arch  r  hindering  tho 
from  going  up  the  chimney  without  passing  throuffc 
fire  behind  it,  which  having  a  strong  draughty  buraa  iW 


smoke  as  it  passes  through  it :  the  air  which 
through  the  space y,  bping  necessary  to  the  complete 
bustion  of  it. 

In  1801,  Messrs.  John  &  James  Rohi*rison,  ofGI 
took  out  patents  for  their  improved  furnace,  In  wbtcb 
stated  that  the  smoke  was  completely  burned.  Tbkiai 
lion  has  already  been  described  by  Mr.  (jalloway,  m  II 
first   part  of  this  work,   page   145,    which    the    inq* 
reader  had  better  peruse,  before  he  proceeds  further  im 
account.  Messrs.  Robertson's  have  the  credit,  (we 
add  whether  justly  or  not),  of  being  the  fintt  whusi 
in  the  project  of  economically  burning  the  snok«. 
this  period,  many  tnanufacturers  were  indicti*d  for  m 
and  compelled  to  adopt  measures  to  remedy  the  ii 
niences  resulting  from  the  escape  of  denae  smoke;  b«C  ••!- 
withstanding  the  apparent  «ilmplicity  of  the  procem^wmn 
little  success  attended  their  endeavours,  owing   poAsU) 
to  the  unskilful   management  of  ignorant  and  prr|adkc4l 
workmen.     It  was  contended  by  the  proprielorv  of 
engines,  that  ibe  admisaion  of  fntsfa  air,  produced  i| 
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of  the  smoke,  before  it  entered  the  chimney,  had  Ihc  effect 
of  cooling  the  boiler,  and  that  it  required  in  consequence 
a  greater  quantity  of  fuel  to  work  an  engine.  This  objec- 
tion confirms  us  in  our  opinion,  that  the  want  of  success 
was  owinf^  to  injudicious  management  ;  that  more  air  wa^ 
admitted  than  necessary  to  supply  the  requisite  quantity 
of  oyxgen  to  the  carbonaceous  matter,  and  that  failure 
was  not  the  result  of  any  defect  of  the  principle. 

In  the  year  1812,  Mr.  William  Evetts  ShelBeld  took  out 
a  patent  for  improved  reverberating  furnaces  for  smelting 
nietats,  in  which  he  introduced  what  he  termed  an  air-con- 
ducioTy  for  the  purpose  of  conveying  a  stream  of  pure  at- 
mospheric air  upon  the  surfaces  of  the  metallic  substances 
under  reduction ;  but  it  appears,  by  the  tenor  of  his  speci- 
fication, that  he  did  not  contemplate  the  application  of  the 
air  conductors  to  the  burning  of  the  smoke  of  steam  engine 
and  other  furnaces,  which  it  subsequently  proved  very 
efficacious  in  performing. 

This  air'Conductor  consisted  of  a  vertical  passage  or 
tube  made  in  the  bridge,  or  wall  of  brick-work  at  tlie  back 
of  the  furnace,  the  lower  end  of  which  opened  into  the  ahh- 
pity  where  it  was  widened,  and  the  size  of  the  aperture  re- 
g-ulated  by  a  valve,  which  valve  was  operated  upon  by  a 
long  rod  passing  through  the  front  enclosure  of  the  ash* 
pit;  the  upper  extremity  of  the  air  tube  or  passage  did 
not  pass  vertically  through  the  bridge,  but  had  a  horizon- 
tal turn  given  to  it,  by  which  the  jet  was  throivn  upon  the 
substances  under  operation,  or  against  the  current  of 
heated  vapours  before  they  passed  over  the  bridge;  and 
this  minor  stream  of  fresh  air  was  found  to  impart  suffi- 
cient oxygen  to  the  carbonaceous  matter  in  the  rising  va- 
pours from  a  coal- H re,  to  produce  ignition  and  bum 
smoke.  Thus  was  obtained  an  effect  which  was  not  con- 
templated by  the  patentee,  as  he  only  notices,  in  his  speci- 
fication, the  utility  of  his  plans  in  metallurgic  operations. — 
We  shall  have  occasion  to  make  another  remark  on  this 
furnace,  after  having  described  two  or  three  others  that 
follow  in  chronological  order. 

The  annoyance  and  pernicious  effects  experienced  by 
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the  public  Trom  a  sooty  atmosphere^  drew  the  attenliott 
the  leg-islature  to  the  subject,  about  twelve  )eftn  a^; 
a  select  committee  uf  the    House  of  CoiDoions  was 
pointed  in  1819,  '^to  in<)uire  bow  far  it  might  be  p 
cable  to  compel  persons  using  steam  cug^incs  and  fit 
in  (heir  different  works^  to  erect  thera  in  a   manner 
prejudicial  to  public  health  and  comfort,  nnd   to 
their  observations  thereupon  to  the  Mouse.** 

Unfortunately,  however,  the  appointment  of  tlMS 
inittce  did  not  take  place  until  so  late  a  period  in  Um  $b^ 
sion,  that  the  investigation  did  not  proceed  so  far  as  wn 
desirable;  neverthele±>s,  several  person»  were  aaaaiatd 
by  the  committee,  whose  minds  bad  been  lon^  aucl  pracb* 
cally  directed  to  the  extinction  of  the  evih 

The  committee  having  ascertained  and  reported  to  (W 
House  that  the  reduction  of  smoke  from  furnaces  miik 
be  practically  accomplished,  a.  bill  to  embrace  (hat  otMfd 
was  brought  into  the  House  and  pas^ied,  of  h  hicb  the  fal- 
lowing is  an  abstract : — 

"  Stat.  I  and  2  Geo.  IV.  cop.  41,  tutitUd^ 

''An  Act  forgiving  greater  facility  in  the  proMCOtisi 
and  abatement  of  nuisances  arising  from  furnaces  OMdis 
the  working  of  steam  engines.  To  commence  Sept.  I,  Ittl: 

*'  Whereas  great  inconvenience  has  arisen,  and  a  gnat 
degree  of  injury  has  been,  and  i^  now  siuiaioed  by  ka 
Majes(y*s  subjects,  in  various  parts  of  the  United  Empcrs, 
from  the  improper  construction,  as  well  as  from  the  a«fii> 
gent  udo  of  furnaces  employed  in  the  working  of  engtav 
by  steam  ;  and  whereas,  by  law,  every  such  nniiiarr 
being  of  a  public  nature,  is  abatcable  as  sucli  by  iadid- 
roent,  but  the  expenses  attending  the  proHeculicm  therw/ 
have  deterred  parties  sutFeriag  thereby  frocn  iK^eking  tW 
remedy  given  by  law  ;  Be  it  therefore  enacted,  by  tW 
King*s  most  excellent  Majc^sty,  by  and  with  the  adrks 
and  consent  of  the  Lords  spiritual  and  temporal,  and  Co^ 
mons  in  this  present  Parliament  assembled,  and  by  thr 
authority  of  the  same.  That  it  shall  and  may  be  U*- 
ful  for  the  court,  before  whom  any  such  indictment  shsH 
bi*  triedf  in  addition  to  the  judgment  pronouneed  fay  tW 
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sa  d  court,  in  case  of  conviction,  to  award  such  costs  as  may 
be  deemed  proper  and  reasonable  to  the  prosecutor  or 
prosecutors,  to  be  paid  by  the  party  or  parties  so  convicted, 

"And  be  it  further  enacted,  that  if  it  shall  appear  to  the 
codrt  before  which  any  such  indictment  shall  be  tried, 
that  the  grievance  may  be  remedied  by  altering  the  con- 
struction of  the  furnace,  or  any  other  part  of  the  premises 
of  the  party  or  parties  so  indicted,  it  shall  be  lawful  to 
the  court,  without  the  coi^ent  of  the  prosecutor,  to  make 
such  order  touching  the  premises,  as  shall  be  by  the  said 
court  thought  expedient  for  prevenling  the  nuisance  in 
future,  before  passing  final  sentence  upon  (he  defendant 
or  defendants  so  convicted.** 

It  is  also  provided,  that  the  provisions  of  this  act  shall 
not  extend  to  steam  engines  employed  solely  in  the  work- 
ing of  mines,  or  smelting  of  metals. 

Mr,  Joseph  Grcijson,  the  first  witness  examined  before 
the  committee,  stated  his  opinion  of  the  principal  causes 
of  the  nuisance  to  be,  the  putting  on  the  6re,  or  into  the 
furnace,  too  much  crude  fuel  at  one  time,  and  the  chim- 
neys being  in  general  too  low.  He  was  acquainted  with 
several  modes  that  had  been  practised  to  remove  the  nui- 
sance, which  had  been  done  effectually  under  steam-engine 
boilers  ;  but  being  generally  attended  with  an  increased 
consumption  of  fuel,  it  had  seldom  been  adopted.  In  small 
boilers,  where  coke  can  be  used  instead  of  coal,  the  success 
bad  been  more  complete;  but  under  large  boilers,  where 
a  flaming  fuel  was  required  to  act  on  all  sides,  Mr.  Greg- 
son  was  not  aware  of  any  plans  that  effected  the  object 
better  than  (hose  which  he  had  invented. 

The  principle  upon  which  these  plans  were  founded, 
consists^  first,  in  causing  all  the  smoke,  after  it  has  arisen 
tVom  the  fire,  to  return  into  the  heat  of  the  fire  before  it 
enters  into  the  flue  or  chimney,  and  so  be  consumed; 
secondly,  in  putting  on  no  more  fuel  at  any  one  time  than 
the  smoke  of  which  can  be  consumed;  and  that  without 
opening  the  furnace  door  for  the  purpose;  thirdly,  in  sup- 
plying every  fire  with  a  current  of  air,  (o  counteract  the 
effect  of  those  winds  that  operate  against  the  draught.    .. 
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The  above  rngraving:  rcpn^spntu  a  vertical  9«cUaa  W 
the  apparatus.  The  fire-place  (»,  and  the  Teedini^-doorF, 
are  made  as  usual ;  the  smoke  parses  over  the  brid|^e  0,*ad 
under  the  naid  hridi^e  is  an  aperture,  through  which  a  irrr 
intense  heat  pantfes,  which  eiiHames  and  comuBMt  tW 
smoke  in  the  descending  flue^,  by  means  of  the  supply  W 
air  through  the  aperture  C ;  it  then  pas!«e4  into  (~ 
nion  flue  or  chimney  A  A,  formed  in  the  usuml 
Z  Z  is  the  air-shaft  and  drain  to  supply  th^  fire  with  ur, 
through  a  valve  situated  under  the  fire-place. 

The  next  witness  examined  was  Mr.  William  M oull,  of 
Whitby,  who  stated  to  the  committee,  that  *•  the  fonavr 
mode  of  healing  the  boilers,  (at  the  Stuwrbrow  Alaa 
Works,)  wnn  by  putting  the  coaU  over  (be  bam  la  iW 
cornmon  way  :  but   my  method  is  to  make  the  flame 
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over  the  coals,  which  are  laid  upon  an  iron  plate,  which 
light*  the  coals  at  the  top,  a[icl  the  red  part  of  the  coal  in 
next  the  bottom  of  the  boiler;  by  that  means  the  smoke, 
as  it  rises  from  the  coals,  ia  consumed  in  its  passage  over 
the  bars.  The  consumption  of  fuel  of  the  old  boiler  was 
regularly  eighteen  bui^hels  of  coals  in  twenty-four  hours  ; 
but  when  altered  in  this  manner,  twelve  bushels  of  coals 
produced  a  nimilar  effect ; — there  was  no  more  smoke  than 
from  a  common  chimney.'*  Mr,  Moult  patented  this  fur- 
nace in  1815. 

Our  readers  will  observe  that  Mr.  Moult's  manner  of 
feeding  furnaces  is  now  very  commonly  adopted.  It  pos- 
sesses not  merely  the  advantage  of  burning  a  great  por- 
tion of  the  snioko,  but  in  effecting  an  important  saving  in 
fuel,  which  may  be  accounted  for  by  the  circumstance  of 
the  small  coals  becoming  ignited  and  cemented  together, 
before  they  arrive  upon  the  grate,  through  the  bars  of 
which  a  considerable  portion  of  thein  would  drop  and  be 
wasted,  were  they  placed  there  in  the  ^rst  instance. 

Although  the  evidence  of  Dr.  Tuthili  (who  was  the  next 
witness  examined  by  the  committee  of  the  House  of  Com- 
mous)  does  not  relate  to  the  description  of  any  deSned 
plan  for  the  improvement  of  the  construction  of  furnaces, 
yet,  as  it  contains  observations,  facts  and  suggestions  of  au 
important  and  interesting  nature,  wc  feel  ourselves  war- 
ranted in  inserting,  in  this  place,  a  concise  report  of  them. 
In  answer  to  numerous  questions,  the  doctor  said,  ^'  1  be- 
lieve the  atmosphere  of  London  to  be  prejudicial  to 
health;  the  accounts  which  have  been  published  at  dif- 
ferent times,  concerning  the  relative  duration  of  life  in 
Jjondon  and  in  the  country,  may  be  considered  as  having 
proved  that  duration  to  be  considerably  dinufiished  by  a 
residence  in  this  metropolis.  It  is  probable  that  this  de> 
pends  upon  the  atmosphere  of  London.  There  are  a 
great  variety  of  causes,  which  contribute  to  render  that 
atmosphere  unfavourable  to  health  ;  and  I  think  we  may 
be  warranted  in  assuming,  that  whatever  we  Can  discover 
in  such  atmosphere,  so  as  to  render  it  different  from  that 
of  the  country,  may  contribute  to  produce  this  effect ;  and 
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therefore  it  becomes  probable,  that  the  quantity  oTearW 
naceous  matter  suspended  in  it,  i^  one  of  the  caumof  ^M 
insalubrity.  The  rapid  advuncemeiit  tu  recovery,  «yi|if 
we  frequently  see  in  sick  persons,  during  a  short  rMileacr 
in  the  country,  proves  the  influence  which  the  atmonphm 
of  London  has  upon  health;  there  are  maiiy  duease*  ta> 
cident  to  the  human  body,  in  which  the  influence  oi  iJnl 
atmosphere  may  be  more  easily  detected^  tbao  in  a  Man 
of  health.  In  certain  diseases  of  the  )un|^  rspvciaUftI 
think  it  may  be  proved  that  the  smoke  of  London  k  pf»> 
judicial.  1  conceive  that  (he  fog  peculiar  to  London,  m 
diiferent  in  its  sensible  properties  from  any  fog  m  ihe 
country,  depends  tipoii  the  smoke  of  tho  ntrlrofwlii^  aarf 
is  prejudicial  in  many  diseased  states  of  the  lunffv.  IV 
IB^reater  the  quantity  of  carbonic  acid  ^as,  in  a  given  v» 
]ume  of  air,  the  greater  would  be  the  insalubrity  of  ikal 
air.  But  in  crowded  cities,  the  air  is  contaminated  frao 
a  variety  of  other  causes,  which  chiefly  owe  tbcir  onga 
to  the  exhalations,  cither  from  the  living  animal  body,  fr 
from  decomposing  animal  ond  vegetable  mMtor,  «k«a  tla 
principle  of  vitality  is  extinct. 

*^  I  conceive  the  smoke  arising  from  furnaces  mig^  bf 
prevented  ;  that  is,  that   the  carbonnceoua  matter  m 
issues  from  such  chimneys,  and  now  mixes  with  the  a 
sphere,  may  be  converted  into  carbonic  acid  gas. 

"I  think  it  can  be  effected,  by  mukiug  the  BaM»ko 
through  an  ignited  tube,  whilst  the  combustion  of  ibt 
is  there  assisted  by  a  fresh  current  of  atmcmpberic  ain 
see  no  reason  why  a  simple  apparatus  may   not  be  s 
trived,  as  to  render  that  contbustion  complete.     Bat  it 
appears  to  me  to  be  deserving  of  consideration,  wb^tW 
this  annihilation  of  smoke  ought  to  bt-  couHned  to  a«a»* 
factories.     If,  instead  of  burning  common   coal,  tbat  fad 
were  first  divided,  as  it  now  is  in  the  ga»-lighc  awirala^ 
tories,  into  coke  and  carbonated  hydrogen  gas,  and  tboi 
were   afterwards  consumed   in   union,  the  brilliancv  atd 
warmth  which  we  now  enjoy  by  our  fire-sides,  woold,  la 
say  the  least,  be  undiminished,  whilst  the  smoke  woiddka 
•ntircly  destroyed.     This  may  be  tried  without  mtn  diS* 
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:u1ty,  hy  the  judicious  admission  of  gas  into  a  common 
grate  filled  wtlh  coke;  the  materials,  in  fact,  would  be 
the  same  as  of  our  common  fires,  but  employed  in  a  state 
of  g^reater  purity.  There  is  no  limit  to  this  mode  of  de- 
stroying smoke:  and  should  a  plan  of  (his  nature  be  bere- 
aAer  adopted,  chimneys,  as  they  are  notv  constructed,  would 
be  quite  unnecessary  ;  a  small  tube  would  be  sufficient.*' 

Mr.  William  Losh,  of  Newcastle-upon-Tyne,  was  next 
examined  by  the  committee,  on  this  important  subject. 
Mr.  Losh  stated,  that  in  several  engines  which  had  been 
erected  upon  his  plan^,  the  smoke  was  entirely  consumed. 
These  plans,  which  were  secured  to  him  by  patent,  dated. 
I  April  8,  1815,  (now  expired,  and  open  to  public  use,)  he 
laid  before  the  committee,  and  from  these  documents,  to- 
gether with  a  reference  to  the  specification  of  his  patent, 
we  have  compiled  the  following  account: — 

The  principle  upon  wliich  the  mechanical  arrangements 
are  founded,  consists  in  the  application  of  the  caloric 
evolved  during  the  combustion,  free  from  the  cooling  in- 
fluence of  any  cold  undecomposed  air,  in  a  sudden  and 
equable  manner,  to  the  bottom  of  the  boiler,  or  other 
vessel. 

The  plan  consists  in  placing  the  furnace-bars  as  near  as 
possible  under  the  middle  of  the  boiler^s  bottom,  and  to 
have  the  aperture  or  apertures  for  the  escape  of  the  rare- 
fied air  and  smoke,  above  the  door  through  which  the  fuel 
is  put  in;  so  that  the  heated  air  and  gases,  by  their  ex- 
pansive force  and  diminished  specific  gravity,  shall  pre- 
vent the  cold  air  of  ihe  atmosphere  from  penetraling  be- 
neath the  bottom  of  the  boiler,  in  order  that  the  cold  air 
admitted  at  the  door  where  the  fuel  is  introduced,  shall, 
in  its  passage  to  the  chimney,  have  no  tendency  to  mix 
with  the  heated  gases,  until  after  they  have  ceased  to  act 
upon  such  parts  of  the  boiler,  as  are  required  to  be  sub- 
jected to  their  action  alone.  A  .division  of  cast-iron 
»  plates,  extending  from  the  ends  of  the  bars  next  to  the 
door,  separates  the  grate-room  from  the  ash-hole  and  atr- 
duct,  and  prevents  any  air  from  passing  into  the  grate- 
room  which  does  not  pass  through  the  ignited  fuel. 
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It  is  evident,  that  if  cold  air  be  permitted  to  liftv« 


?tit^ 


to  the  bottom  of  a  boiler,  a  iars^cr  tire,  or  an 
consumption  of  fuel  will  be  requisite,  to  produce  a  gtv«« 
effect;  and  thus  to  maintain  the  steam  at  m  suficievt  vxv 
pansive  force  to  work  an  enj^ine^  an  iuteii»e  beat  u 
plied,  sufficient  to  flux  the  fuel  into  slags,  and  «o«ri 
even  to  fuse  the  bars ;  but  when  Uiis  last  eflect  di 
take  place,  the  temperature  of  the  bars  ia  usually  *o  ki|l^ 
that  the  atmospheric  air  coming  in  contact  witb  ibcik 
rapidly  oxidates  their  Burfaceti}  which  fall  ofTio  aucseeaaw 
scales,  until  the  whole  substance  of  the  metal  m  corroded 
away.  1 

An  advantage  therefore  results  from  Mr.  l^ottk^a  a-  ■ 
eluding  the  cold  atmoHpheric  air,  which  obviates  tbr««0 
consequences  just  mentioned  attending  its  adtutasioa.  TV 
position  of  Mr.  Losh*s  fire-places  likewise  enable  a  mon 
effectual  support  to  be  given  to  the  bottom  of  the  baibr^ 
(an  object  of  great  importance  when  of  lars^e  capaat^«) 
than  is  practicable  by  the  usual  mode  of  «eltiii|(  ibe^ 

According  to  this  plan,  the  caloric  and  heated  gtm 
ascend  and  radiate  from  the  burning  fuel»  and  ivpia|< 
agtiinst  the  boiler  with  extreme  velocity  and  inleaaltjfi* 
they  meet  with  no  substance  to  direct  them  froM  that 
course,  or  to  which  they  can  impart  a  portion  of  tJMtf 
heat ;  ^  economy  of  fuel  seems  to  be  a  ncuwij  malt 
from  this  arrangement,  while  it  affordn  a  very  expcdiboai 
means  of  getting  up  the  steam  to  start  an  on|pne. 

The  specification  of  Mr.  Losh*s  patent  u  very  vale* 
roinous;  besides  a  description  of  eighteen  drawinjc%«lMtl 
accompany  it,  he  enters  largely  into  the  throrv  of  lhe«u^ 
ject,  gives  a  history  of  his  experience,  his  views,  and  ki 
opinions,  contrasting  other  plans  with  his  own,  wkldl  latf 
are  in  all  respects,  of  course,  the  acme  of  pcrfMrtioB.  Tin 
document  is  obviously  intended  to  serve  the  parpote  oftt 
advertisement,  but  from  the  talent  and  gn^at  expericacv 
of  the  writer  it  is,  nevertheless,  worth  the  reading.  Om 
space  will  not  permit  us  to  describe  only  those  pla« 
which  be  submitted  to  the  Committee  of  the  Hoost  tf 
Commons,  in    1818.     We  commence  with  his  fumaofCv 
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'  Fig.  1,  IS  a  plan  or  horizontal  soction  of  tbe  huvmcm 
for  heating  a  steam-eng^ine  boiler,  taken  at  the  level  U 
the  grate  bars;  Lhc  area  included  within  the  dotted  liofl 
aa  a  ay  shews  that  part  above  which  tbe  boiler  rc«tj  wbrt 
put  upon  its  seat;  A  and  Bare  the  respective  grvte-bm^ 
of  the  two  furnaces;  d  d  the  flooring  plates,  wkich 
vent  the  air  front  penetrating  from  the  ftsh^pit  into  tW 
grate-room,  except  through  the  grate  bars  aod  bonMf 
fuel;  these  pUtes  are  supported  by  several  bara,  in  caM 
they  should  by  accident  crack;  k  k  are  the  fire  do<»rvu4 
frame;  g  the  partition,  which  separates  tbe  two  faraaca, 
and  supports  the  bottom  of  the  boiler  ;  /  the  baae  of  t^ 
chimney. 

Fig.  2,  is  a  vertical  and  longitudinal  sectioa  of  IW 
boiler  and  brick-work,  and  furnaces;  the  letlert  ia  vWk 
refer  to  the  same  parts,  as  shewn  in  the  plan,  g  tbadii^ 
sion  between  the  two  furnaces  j4  If ,  (/ <f  t he  flooriag*plili^ 
below  which  are  the  ash-pits.  The  direction  of  tbe  ftiwi, 
from  the  combustion  of  the  fuel  in  the  gralai,  abev  tkr 
course  they  respectively  take  to  the  flues yy. 

Fig.  3,  is  a  vertical  and  transverse  seatioo  of  tbe  boikr, 
brick-work,  &c.  the  letters  of  reference  applying  to  iW 
same  parts  as  in  the  other  6gures. 

N.  B,  Where  it  is  of  great  importance  to  aavr  fad,ic 
"would  be  advisable  to  have  register  damperv  on  the  ai^ 
pits,  by  which  the  admission  of  the  air  might  be  regolatei 
in  the  exact  ratio  required  to  keep  up  a  due  combaitMia 
of  the  fuel  in  the  furnaces. 

In  order  to  burn  the  smoke  effectually,  it  U  to  be  wmkt 
to  penetrate  with  the  atmospheric  air  through  the  bora- 
ing  fuel,  by  having  dampers  at  n  and  y,  (tbe  apestamsf 
the  furnace  B  and  A  into  the  flues)  perforatione  we  aba 
to  be  made  through  the  flooring  plates  at  r  and  j,  with 
corresponding  covers  and  doors,  or  regiatera,  on  tbeaab> 
pits  at  p  and  q. 

Suppose  the  flres  to  be  burned  bright,  and  that  furaaev 
B  requires  a  fresh  supply  of  coals,  shut  the  damper  aaa4 
open  y,  draw  the  cover  of  the  perforated  plate  at  r,  ariid 
keep < shut;  shut  the  ash-pit  door,  or  register  g, and  opeof^ 
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Then  must  the  soot  which  sublimes  from  furnace  B  pass 
into  ihe  ash-pit  through  r,  and  be  carried  with  the  current 
of  atmospheric  air,  which  enters  at  p,  through  the  opening 
in  the  wall  o,  to  the  furnace  A,  where  it  will  penetrate 
through  the  grates  and  fuel,  and  be  converted  into  gaseous 
products.  B)-  reversing  the  operation  of  the  damper,  the 
dense  products  of  furnace  vl  may  be  consumed  by  B.  When 
the  smoke  ceases  to  sublime,  the  furnace  can,  in  a  few  se- 
conds, he  made  to  act  as  described  above,  by  which  there 
is  a  great  saving  of  fuel. 

We  now  proceed  to  describe  Mr.  Losh's  mode  of  con- 
structing his  smoke-consuming  furnaces,  under  circularly- 
formed  vessels;  the  drawings  represent  a  sugar  pan,  but 
of  course  the  arrangement  under  a  round  boiler  would  be 
the  same. 

Fig.  I,  is  a  plan,  or  horizontal  section,  of  the  pan  and 
brick-work,  at  (he  level  of  the  bottom  of  the  flues;  ab 
shew  the  openings  from  the  grate  rooms  into  the  flues  i  ii  r, 
which  convey  the  hot  air,  smoke,  &c,  to  the  base  of  the 
chimney  Jj,  on  each  side  of  the  division  wall  n,  which  also 
separates  the  two  furnace^),  and  extends  from  the  ash-pit 
diametrically  across  the  pan,  the  bottom  surface  of  which 

(FIG.  1.) 
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lies  npon  it,  with  a  bearing  of  four  inches  asid  a  half 
This  wall  risoa  three  feet  up  the  chimney,  to  keep  (he 
smoke,  &c.  of  the  two  furnaces  separated,  till  tlMy  hate 
taken  their  perpendicular  direction,  and  can  no  loagvri^ 
terrupt  each  other  ;  o  o  is  a  circular  wall,  which  aw 
the  flue. 

Fig.  S  exhibits  a  rertical  section  of  the  plan  and 
ces  \  a  a  a  shew  the  pan ;  c  the  gratea  and  bearing 
It,  the  side  flues;  11^  the  grate  room;  o,  the  circular  vail 
n  n,  the  division  wall,  shewn  aa  extending  to  Um  bark  ff 
the  pan,  and  up  the  chimney. 

Pig.  3  represents  a  vertical  section  of  tb«  pan,  aa4  aar 
of  the  two  furnaces  under  it ;  6  are  the  grate  bars;  if  ^  tie 
flooring-plates;  i  i,  the  entrance  into  the  Mid«  luca;  /, ter- 
mination of  the  side  flue  in  the  chimney;  a^  a  slidtnr  di»* 
per,  to  regulate  the  admiasion  of  air  into  the  a«b-ptt,  •<- 
cording  to  the  quantity  required  to  keep  up  a  dne 
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bustion  of  the  fuel  in  the  furnaces;  o  is  the  wall  of  the 
flue;  p,  a  damper  in  the  chimney;  the  arrows  shew  the 
direction  of  the  hot  air  in  the  flues. 

I  fit  be  required  to  burn  the  smoke,  let  there  be  dampers 
at  .randy,  {f\g.  1),  and  a  perforation  of  the  wall  at  £,(%.$ 
and  3«)  BUppose  both  the  tires,  at  a  and  b  (fi^.  1,)  to  be 
burned  clear,  and  that  6  requires  a  fresh  supply  of  coals, 
f^htit  the  damper  x  and  open  y ;  then  the  smoke  which  sub- 
limes from  6  will  be  forced  over  a,  and  be  burned  in  its 
passaire.  By  reversing  the  action  of  the  damper,  the  smoke 
from  a  may  be  consumed  by  the  furnace  6. 

In  addinf^  fresh  fuel,  it  is  desirable  to  throw  in  but  small 
quantities  at  a  time,  to  keep  the  bars  well  covered,  but  in 
a  thin  stratum,  and  to  allow  the  fire  of  the  furnace  last  sup- 
plied to  burn  bright,  before  fresh  fuel  is  added  to  the  other;  to 
that  when  one  fire  is  at  its  highejit  degree  of  heal,  the  other 
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is  at  its  lowest,  in  order  that  tbe  boiler  may  be  keptc«* 
tiiiually  at  nearly  an  equal  tcmperalure. 

Tbe  speciiication  embracea  a  description  of  a  lurniuki 
a  locomotive  engine,  in  which  the  heated  ^wt^es  alone  ire 
allowed  to  operate  upon  the  boiler,  without  any  adiaitlarv 
of  cold  atiuospheric  air;  also  the  adaptation  of  the  priici 
pie  to  alum  pans,  bleacher*a  and  printer*^  boilers^  bUfr'i 
ovens,  &c.,  all  of  which,  the  practical  man,  who  ImoMi* 
sion  for  such  apparatus,  will  do  well  to  consult. 

In  the  year  181S,  Mr.  W.  Johnson,  a  Brower,  at  SalM, 
near  Manchester,  was  induced  to  make  some  experwcali 
in  the  burning  of  smoke,  and  tinally  took  out  a  pateotfOT 
his  plan,  which  we  will  endeavour  to  explain,  without  t^ 
aid  of  a  drawing.  The  fire-place  was  oo  the  plan  of  Mr. 
Moult*u  and  Mr.  Losh's,  so  far  as  to  have  a  plate  in  froat 
of  the  bars,  whereon  the  coals  were  first  deposited,  and  be- 
came more  or  less  ignited,  prior  to  their  being  pushed  om 
the  gratings  for  their  entire  combustion.  The  air  neocssir; 
to  produce  ignition  of  the  carbonaceous  vapour  was  iotf^ 
duced  in  the  manner  of  Mr.  Sbcffie1d*s,  dcstcribed  at  pare 
769,  with  this  difference  only,  that  Mr.  Johnsoo  •Uoved 
his  current  of  air  to  impinge  vertically  by  a  piWMi  mads 
in  the  after-bridge  against  the  bottom  of  the  boiler,  but  he 
afterwards  altered  this,  and  gave  the  current  a  Aoricoslaf 
direction,  exactly  like  Mr.  Shefiicld*s. 

Although  Mr.  Sheffield's  and  Mr.  JohnsoD^s  inveotMa 
possessed  scarcely  any  originality  worthy  ofoolice,  they 
were  so  nearly  alike  as  to  produce  some  sharp  aoiniAdtcr- 
sions  upon  the  latter  gentleman,  who  was  accused  of  piracy 
in  some  of  the  periodical  publications,  but  tbe  writenoaly 
exhibited  their  contracted  knowledge  of  the  subjecl  ia 
question.  The  consumption  of  smoke  was  tbeii  mtk  object 
ardently  sought  af^er,  in  consequence  of  the  notieai  mwdr 
in  Parliament,  and  in  the  Courts  of  Law,  of  the  exiatiaf 
nuisances,  arising  from  furnace  chimneys.    Nuroeroiu 


petitors,  with  ^'original  and  ingenious*'  devices,  thniitoil 
themselves  before  the  public  with  their  panaceas  agaioAt 
the  growing  evil,  all  of  them  representing  their  appara* 
tuses  as  the  acme  of  perfection ;   and  we  believe  it  is  Cme 
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that  they  did  partially  succeed  in  producing  the  desired 
eOcct,  wheu  the  fires  were  managed  by  the  skill  and  atten- 
tion oTthc  inventors  themselves.  It  was  evident  that  any 
plan  that  might  be  found  super-eminently  successful,  would 
be  productive  of  great  emolument  to  the  inventor.  Ac- 
cordingly we  find  numerous  persons  explaining  and  com- 
mending their  plans  to  the  committee  appointed  by  the 
House  of  Commons;  among  these,  were  Messrs.  Sheffield, 
Gregson,  Losh.  Moult  and  Johnson,  whose  plans  we  have 
already  described  ;  and  we  purpose  adding  those  of  Mi^asrs. 
Steel,  Brunton,  Parker,  Wakefield,  Walker  and  Coombs. 
The  inventions  of  Messrs.  Loth,  Steel  and  Brunton,  it  will 
be  seen,  possess  the  most  originality,  while  all  the  others 
are  but  slight  modifications  of  the  previous  inventions  of 
Watt,  Thomson  and  Robertson,  whose  patents  were  ex- 
pired before  these  gentlemen  came  into  the  field.  Not- 
withstanding this  latter  circumstance,  they  are  not  with- 
out merit,  and  the  variously  modified  arrangements  of  fur- 
naces in  connexion  with  boilers  which  they  exhibit,  are 
calculated,  we  think«  to  afibrd  many  useful  hints. 


Furnace  for  the  consumption  of  Us  SmokCy  by  John  Steely 
of  Dartford. 

This  apparatus,  which  was  denominated  a  mechanical 
smoke-burner^  by  the  inventor,  is  shewn  as  adapted  to  the 
ordinary  tubular  high-pressure  boiler,  and  is  contrived  so 
as  to  supply  itself  uniformly  with  fuel.  We  extract  the 
description,  from  the  report  of  the  Committee  of  the  House 
of  Commons,  to  whom  Mr.  Steel  gave  his  evidence  on  the 
subject. 

The  fire  grate  (of  any  suitable  dimensions)  is  of  a  cir- 
cular form,  surrounding  the  centre  piece  P,  moving  on  an 
upright  axis,  the  toe  of  which  turns  in  a  centre  C,  and  Che 
upper  end  is  supported  by  a  cross-bar  at  L^  which  i»  made 
fhst  in  the  brick-work.  E,  is  a  fluted  roller,  for  the  purpose 
of  supplying  the  fire  with  coal,  from  a  hopper  F,  which 
should  be  furnished  with  a  grating  at  top,  so  as  only  to 
admit  pieces  of  coals  of  a  limited  size.    G  G,  is  an  inclined 


plane,  set  nt  such  an  angle,  that  the  smallest  of  coaU  «itt 
slide  doivn.  At  D,  is  a  common  toothed  wheel,  (o  be 
worked  by  a  band,  chain,  or  any  other  convenient  node  of 
communicating-  motion.  The  lirf^  door  and  frame  may  he 
situated  in  any  convenient  part  of  the  circular  frame,  •»  hich 
will  depend,  in  a  great  measure,  upon  the  form  of  boilef 
tn  which  the  apparatus  is  applied  ;  that  represented  at  ooo 
in  the  figure,  representing  (as  before  mentioned)  one  of  the 
tubular  kind.  N,  is  a  metallic  plate  for  the  ashes  to  drop 
on.  1  I,  show  the  ring  or  rim  which  surround  the  ;ralc 
bars,  and  22  the  arms  which  support  it  and  the  i^rale  barf. 
The  rim  is  somewhat  deeper  than  the  bar-^,  and  turns  round 
an  iron  trough.      3  3,  filled    with  sand    or  aab«ff,  to 
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prevent  the  air  from  passing  between  the  rim  and  llie 
brickwork. 

Now,  suppose  a  fire  to  be  lig;1ited  in  the  grate,  and  the 
^rate  and  roller  E,  be  put  in  motion,  it  is  plain  that  such 
coals  as  lodge  in  the  notches  of  the  roller,  will,  a**  the  rol- 
ler turns  round,  be  dropped  on  the  inclined  plane,  and 
from  thence  scattered  on  a  portion  of  the  6re,  as  at  R; 
and  as  the  ^rate  is  moving  round  at  the  same  time,  ano- 
ther part  of  the  fire  is  continually  presented  to  each  fresh 
supply  of  coals.  The  grate  is  made  to  turn  round  in  such 
a  direction,  that  the  conjs  are  immedintely  afterwards 
presented  to  the  fire-door,  which  is  therefore  placed  con- 
tiguous to  it.  At  this  part,  the  combustion  is  most  vivid, 
from  the  ingress  of  air,  and  the  fuel  being  scattered 
thereon,  broken  into  small  pieces,  and  the  smoke  having 
to  pass  over  the  whole  surface  of  the  Grc,  the  combustible 
matter  in  it  becomes  consumed. 

In  using  this  furnace  to  boilers  where  there  is  no  steam 
engine,  any  other  mechanical  power  may  of  course  be  em- 
ployed, or  it  may  be  turned  by  hand.  Whenever  the  ap- 
paratus may  be  out  of  repair,  it  is  only  necessaryto  stop 
the  wheel-work,  which  communicates  the  motion  to  the 
grate,  which  may  remain  stationary,  and  be'  supplied  rn 
the  common  way  by  a  shovel,  at  the  fire-door,  until  the 
disordered  parts  iire  put  in  repair. 

The  reader  will  observe  a  great  similarity  between  this 
invention  and  that  of  Mr.  Brunton,  described  farther  on  ; 
we  do  not  know  to  whom  the  precedence  belongs,  as  (hey 
were  made  known  to  the  world  nearly  at  the  same  period 
of  time  (1819—20). 

Mr.  W.  Brunton,  of  Birmingham,  being  examined  be- 
fore the  committee,  described,  as  introductory  to  his  own 
invention,  the  ^^  usuaP^  construction  of  furnaces  for  burn- 
ing of  the  smoke;  which  evidences  the  fact,  that  at  that 
period  of  time,  the  fire-places  in  use  were  generally  of  the 
kind  introduced  by  Mr.  Moult  and  Mr.  Losh,  upon  which 
we  made  some  remarks  in  commendation,  at  page  19. 
Notwithstanding  Mr.  Brunton  had  a  direct  interest  in 
pointing  out  the  defects  of  previous  inventions,  the  re- 
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.marks  he  makes  upon  them  are  vreW  deser%'ing  of  ilinh 
tioii;  accordingly,  we  shall  here  insert  the  suhgUncrof 
evidence  to  Ihe  committee. 

Mr.  Brunton  staled  thai  furnaces  for  consuming 
as  they  were  usually  constructed,  consisted  ok*  two 
parts;  first,  the  grate  upon  which  the  coal  wasco 
secondly,  the  feeding*  mouth,  into  which  the  coal  im^  pBl, 
preparatory  to  its  being    pushed    forward  upon  the  ^nUi; 
at  the  end  of  the  feeding  mouth  ;  opposite  to  that  wluci 
joined  the  grate  was   fitted  a  door,  in  which  wer«  boli» 
with  covers,  for  regulating  their  apertures,  by  whtcli  it 
raospheric  air  was  admitted  at  pleasure.     The  proem im 
thus:   whilst  the  coal  already  upon  the  grate  was  in  hafjk 
combui^tion,  and   had  ceased   to  smoke,   the  coal  ia  tW 
feeding-mouth,  being  exposed  to  Ihe  heal   of  the  fire,  nh 
derwent  a  degree  of  coking,  and  the  smoke  was  I 
evolved,  which,  combined  with  a  portion  of  air  ad 
at  the  openings  in  (he  door,  passing  into  the  chimney  nrer 
the  hot  fire,  was  consumed.     When  the  fire  was  to  be  re- 
newed, tlie  cool  thus  acted  upon  was  forced  forward  apoa 
the  grate,  still  carefully  preserving  a   strong  fire  of  well* 
burnt  coal   on   the  farther  end  of  the   grate,  in  order  !• 
consume  the  smoke,  which  would  now  be  giveii  oat  by  iW 
coal  thus  brought  into  active  combustion;   at  thu  pctiod 
a  much  greater  portion  of   air   must    be   admitted,  ika 
would  be  needful  when   the  coal  last  forced  forward  Im^ 
attained  its  full  heat. 

The  following  were  the  principal  objections  to  the  ge- 
neral adoption  of  this  species  of  furnace:  —  '-''  Fini»  the 
process  of  coking,  or  preparing  the  coal  in  the  fecdiof* 
mouth*  was  very  imperfect,  and  bat  a  svnall  part  of  lb* 
coal  noccRsary  lo  feed  the  fire  was  affected  b\  it,  so  m  to 
give  out  1e«<  smoke  uhea  forced  upon  Ibe  g^le;  arcoarfht 
though  the  judicious  adffiL»ion  of  air  to  eaable  the  saok* 
lo  ignite  uns  found  ad\aatagMMifs  yet  a  sotall  execs  ad* 
miitod  was  found  to  have  a  very  injurious  vl^t  ia  co«l*^ 
ifig  the  boiloi  :  and  as  the  quantity  of  air  re<iuired  for  tb* 
combu'«tiou  of  the  smoke  must  vary  etery  oMMnent  of  the 
tvilerral  b<'tween  the  times  of  renewing  the   fir«  (aeHuffr 
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fleen  or  twenty  minutes),  nothing  short  of  the  f^rcatest 
re  and  unremitting  attention  to  the  admission  of  ihp  air 
ould  accoiiipJish  the  object  with  economy.     This  care  od 
he  part  of  the  workmen  could  very  rarely  be  obtained; 
nd   proprietors  of  steam   engines   have   found   that,   for 
ant  of  this,  the  burning  of  smoke  ha$  been  too  expensive 
r  them  to  persevere  in.     The  witness  having  turned  his 
ttenlioii  for  some  y<*ars  to  ihis  subject,  had  discovered  a 
method  by  which  the  smoke  might  be  consumed   economi- 
featly,  and  its  practicability  was  less  objectionable  than  the 
methods  usually  adopted;  first,  by  putting  the  coal  upon 
the  grate  by  small  quantities,  and  at  very  short  iuiervals, 
feRy  every  two  or  three  seconds;  secondly,  by  so  disposing 
of  the  coal  upon  the  i^ralr,  that   the  smoke  o\olved  niu»t 
l^ass  over  that  part  of   ihe  grate  upon  which   the  coal  was 
fcn   full   combustion,  iin4l  was  thereby   consumed;  thirdly, 
Ss  the  introduction  of  the  coal  was  uiiifortn  in  short  spacas 
bf  time,  the  introduction  of  the  air  was  also  uniform,  and 
Required   no   atteiition   from  the  Hreman,      As  it  rospccled 
**-cconomy  : — first,  the  coal  was  put  upon  the  fire  by  an  ap- 
paratus driven   by  the  engine,  and   so   coiilrived,  that  the 
quantity  of  coal  was  proportioned  to  the  quantity  of  work 
the  engine  was   performing,  and   the   quantity  of  air  ad- 
mitted to  consume  the  smoke  was  regulated  in  the  same 
anner;  secondly,  the  fire-door  was  never  opened  except 
'to  clean  the  fire;  the  boiler  of  course  was  not   exposed  to 
that  continual   irregularity  of  temperature  which  was  un- 
avoidable  in   Ihe  common  furnace,  and  which  way  found 
■exceedingly  injurious  to  boilers;  thirdly,  the  only  atten- 
E^ion  required,  was  to  fill   the  coal   receiver  every  two  or 
three  hours,  and  clean  the  fire  when  necessary;  fourthly, 
.-the  coal  was  more  completely  consumed  than  by  the  com-, 
knion  furnace,  as  all  the  effect  of  what  was  termed  stirring 
•tip  the  fire  (by  which   no   inconsiderable  quantity  of  coal 
n^as  passed  into  the  ash-pit,)  was  attained  without  moving 
fitlie  coal  upon  the  grate.     In   a   tweuty-horse  engine,  the 
increased  expense  of  the  erection  of  bis  apparatus  was 
j^rroni£75  to  £100. 
f      The  apparatuH  alluded  to  by  Mr.  Bruiiton  wasin  (Uie 
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course  of  being  patented  to  him  about  the  same  perit 
time.  The  speclficatiun,  which  was  enrolled  in  Decei 
1819,  describes  the  furnace  to  be  of  a  circular  form,  and 
revolving  in  a  horizontul  plane,  on  a  vertical  axis  id  tiie 
centre  of  the  ash-pil,  under  the  boiler,  by  which  mrwm 
the  heat  is  distributed  uniformly  over  its  bottom,  and  iW 
fuel  is  fiupplied  to  the  ^rate  in  regular  quant ilti*^  froa 
a  hopper  pUiced  above.  Motion  is  vi\en  to  the  grate  bi 
means  of  a  horizontal  ahafl  and  bevel  ^ear  undernealb, 
and  the  speed  at  which  it  movet?  is  at  the  rate  of  aboal 
one  revolution  per  minute,  for  a  boiler  Hve  feet  in  dia- 
meter. Every  time  the  grate  arrives  at  a  certain  point, 
the  channel  from  the  coal  hopper  is  opened,  and  a  saffi* 
cient  quantity  of  fuel  supplied.  To  prevent  the  air  from 
passing  at  the  edges  or  periphery  of  the  revolving  gral«, 
a  descending  rim  proceeds  from  it,  which  entem  inio  a  cir* 
cular  trough  which  is  filled  with  sand  or  water,  conse- 
quently all  the  air  entering  the  ash-pit  must  pass  through 
the  bars;  as  ihe  grate  revolves,  a  scraper  U  carried  round, 
which  gathers  up  the  ashes  as  they  fall  into  the  ash-pit 
below. 

In  the  following  year,  1820,  Mr.  Brunton  took 
second  patent  for  improvements  in  the  arrangements  o1 
last-mentioned  apparatus.  These  improvements  chic6]r 
consisted  in  a  mi'ans  of  raising  or  lowering  the  furnace  at 
pleasure,  so  as  to  diminish  the  boat  to  the  boiler  suddenly; 
also,  in  a  new  mode  of  feeding  ihe  fire. 

*'  The  shaft  of  the  circular  fire-grate,  or  the  axle  upon 
which  it  revolves,  is  to  pass  through  a  hole  as  a  guide,  in 
n  bearer  of  iron  bnilt  in  the  brick-work,  and  receives  its 
siippt>rt  at  bottom,  upon  another  bearer  of  iron,  which  i* 
•  to  bi*  capable  of  sliding  up  or  down  in  grooves,  so  as  to 
elevate  or  depress  the  fire.  To  this  last-mentioned  brarrr 
is  to  bo  attached  a  rack  and  pinion,  or  a  lever,  by  means 
of  which  the  grate  may  be  raised  and  lowered  at  pleasure. 
Ijpon  the  upper  end  of  the  shaft,  above  the  upper  sup 
porting  bar,  are  extended  two  or  more  arms,  canning  a 
strong  ring  of  cast-iron,  intended  to  receive  the  iron  l>ars, 
which  are  to  be  placed  parallel  to  each  olber,  for  the 
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grating  of  tbo  fire;  and  round  the  periphery  of  ihe  cir- 
cular ijrale  is  to  be  a  double  rini  of  sheet*iroi),  rising 
three  or  four  inches  iip^  and  forming  a  groove  to  he  filled 
with  sand;  so  that  when  the  grate  is  raitted,  another  ring 
of  iron,  attached  tu  the  wall  of  the  furnace  (built  with 
fire  brick)  may  fit  into  this  groove,  and  form  a  sand  valve 
for  the  use  of  excluding  the  atmospheric  air  from  passing 
up  Ihe  sidea  of  the  grate.  Two  or  more  passages  are 
made  through  the  brick-work,  for  the  purpose  of  admit- 
ting a  current  of  air  to  the  top  of  the  fire,  in  order  to 
assist  in  igniting  the  ?moke,  if  necessary.  These  passages 
are  to  be  opened  or  shut  at  pleasure. 

''  The  fire-feeder  is  shaped  as  a  hopper,  placed  over  the 
feeding  hole,  and  the  delivery  aperture  at  bottom  is  capa- 
ble of  contraction,  as  may  be  required.  Below  ihis  is  a 
plate  of  iron,  placed  in  an  inclined  position,  and  suspended 
upon  pivots,  for  the  purpose  of  being  agitated,  in  order  to 
distribute  the  fuel,  and  supply  the  fire  equally.  There  is 
also  a  shovel  upon  rollers,  passing  from  a  coal-box  to  the 
feeding  hole,  which  is  moved  by  means  of  a  rod  or  chain 
communicating  with  the  engine.^** 

In  a  subsequent  sitting  of  the  committee  of  the  House 
of  Commons  to  that  which  we  have  referred,  Mr.  Brunton 
stated  that  he  had  applied  the  improvements  in  his  appa- 
ratus to  several  concerns  with  eminent  success,  and  that 
they  had  uniformly  effected  a  saving  of  coal,  which,  on  an 
average,  was  more  than  30  per  cent.;  and  there  was  much 
leas  scorise  or  clinker  formed  from  the  same  quantity  of 
coal  than  in  the  ordinary  fire,  and  that  was  formed  in  thin 
laminae  upon  the  grate;  and,  in  general,  while  three 
bushels  of  coals  per  hour  were  consuming  upon  the  grate, 
the  bars  were  seldom  so  hot  as  to  discolour  writing-paper, 
when  pressed  against  them.  By  the  very  equal  distribu- 
tion of  the  coal  upon  the  surface  of  the  grate,  a  thin  fire 
and  a  sharp  draught  was  main'ained  ;  and  thi^  was  effected 
by  the  coal  being  introduced  in  ^inall  tjuantities,  falling 
upon  the  whole  of  the  area  of  the  fire  in  regular  succes- 
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aion.  Secondly,  the  coal  was  introduced  upon  (he  in 
without  opening  the  (ire-duor,  and  this  wad  eflfecied  by 
dropping  the  coat  through  the  roof  of  (he  suppletnentafy 
boilei.  Thirdly,  the  decomposition  of  the  coal  w^3  oiocli 
more  perfect  than  by  the  common  furnace,  and  thi«  im 
effected  by  the  revolving  of  the  grate,  which  exposed 
each  aide  of  every  piece  of  coal  in  (he  grate  (o  the  cttrmt 
of  the  lire  passing  constantly  in  one  direction  acrosli 
Fourthly,  the  introduction  of  the  coal  was  complrlel; 
governed  by  the  steam  generated,  analogous  to  a  water- 
wheel,  governing  by  its  velocity  the  quantity  of  (be  water 
permitted  to  fall  upon  it;  thus,  considering  the  prodac- 
tion  of  the  effect,  and  the  introduction  of  coal  as  the 
cause,  the  former  had  a  perfect  check  over  the  latter,  and 
at  no  time  admitted  more  coal  into  combustion  than  ins 
really  necessary  for  the  performance  of  the  work  whidi 
the  engine  was  then  doing.  Fifthly,  the  whole  apparalm 
being  a  very  simple  mechanical  arrangement,  acted  i 
pendently  either  of  the  skill  or  the  carelessness  of 
fireman.  Small  coal,  of  greatly  inferior  cost  to  the  coat 
generally  used,  answers  well  with  a  furnace  of  ihU  kind, 
and  thereby  effects  an  important  saving.  A  (bin  fire,  utilb 
a  sharp  draught,  produces  the  maximum  effect,  becatiie 
the  greater  the  quantity  of  oxygen  brought  into  contact 
with  the  coal  in  combustion,  the  greater  heat  14  obtainMl. 

Smoke-consuming  Furnace^  by  John  Walker ^  Jun,  qf  Koh 

nington  Cross, 

The  abovementioned  individual  was  one  of  iho  wit- 
nesses examined  by  (he  select  committee  of  (be  Mouse  of 
Commons,  in  1819.  He  staled  that,  by  his  plan  of  heating 
(he  boiler  of  steam  engines,  a  saving  in  the  consumption 
of  fuel  to  the  extent  of  75  per  cent,  was  effected,  result- 
ing, in  a  great  measure,  as  he  explained,  by  cmp1o)ing 
coke  as  the  fuel,  and  the  preparation  of  (hat  coke  in  an 
adjoining  chamber  or  oven,  the  gases  emanating  from  (be 
coal  being  ignited  by  passing  through  the  burning  coke 
on  the  grate  beneath   the  boiler,  whence  the  heated  air 


It  does  not  appear,  from  the  published  rrpoil  of  the 
committee,  that  any  explanations  of  the  forcn;oini,^  fig:nreri 
accompanied  them,  but  we  (hiiik  the  arrangemtnit  iteline- 
ated  will  lie  clearly  understood  without  them.  Fig-.  I,  i* 
evidently  a  longitudinal  and  vertical  section  of  the  boiler, 
furnace,  and  chinmey  J   fig.  2,  represents  a  transverse  sec- 
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tion  of  (he  boiler  and  furnace;  and  fi^.  3,  m  plan,  or  hon- 
zontal  section*  above  (he  level  of  (he  grsting  for  iW 
boiler,  including  a  «^ection  of  the  coke  oven. 

With  regard  (o  the  expense  of  this  kind  of  far— c«,  iW 
inventor,  who  h  a  bricklayer,  and  therefore  a  canpclrsl 
jud^p,  said,  that  in  a  new  erection  ihert*  «rould  not  br  aaj 
additional  expense  above  (he  common;  and  be  voaU 
{guarantee  (hat  (here  should  be  no  expense  incurred  b^ 
the  proprietor  for  three  years  after  the  building.  Tfcf 
expense  of  altering  furnaces  to  thi<i  plan  would  Dot  W 
considerable;  (he  amount  would  depend  on  tb«  cii 
stances  of  (he  case.  The  expense  of  repairs,  he  ol 
would  be  less  upon  his  new  plan  than  on  the 
plans:  the  repairs  would  chiefly  consist  of  new  fire*bricfctf 
when  (be  furnace  would  la^tt  the  same  term  o^er  a.gatti* 

Furnace  for  the  Consumption  of  iti  own  Smokt^  6y 
min  Mtrritttau  CoomhSfO/GG,  High  Ho^hom. 

Two  plans  were  submitted  by  Mr.  Coombs  to  tbe 
mittee  of  (he  House  of  Commons,  which  are   printed 
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llieir  report.  The  first-descrihcd  plan  is  accompanied 
with  six  elaborate  engraving,  which,  as  we  cannot  trans- 
fer them  to  this  place,  we  shall  endeavour  to  give  only  a 
concise  verbal  description  of. 

The  coals  are  put  into  a  large  hopper,  above  the  fur- 
nace, and  pas^  from  thence  between  three  iron  cylinders, 
(the  revolution  of  which  reduces  such  coals  as  are  too 
large  to  pass)  down  an  inclined  plane,  falling  upon  a  cir- 
cular iron  plate,  placed  near  to  the  bottom  of  a  cylindrical 
well  or  hole,  which  is  directly  underneath  the  boiler. 
This  plate  is  made  to  slide  up  and  down  in  the  well,  by 
the  action  of  a  toothed  rack  and  pinion,  afibrdiiifr  the 
means  of  readily  damping  the  fire,  by  depressing  !he  bed 
of  coals,  which,  together  with  the  opening  of  the  furnace- 
door,  lowers  the  temperature  immediately.  The  first 
heat  of  the  fuel  is  directed  upon  a  mass  of  iron,  which 
becoming  red-hot,  consumes  the  smoke  passing  over  it : 
there  are  also  "  Welch  lumps'*  to  receive  the  direct  action 
of  the  fire,  and  ignite  the  smoke  passing  by  them.  The 
furnace  being  supplied  with  uniform  quantities  of  fuel  in 
a  divided  state,  by  means  of  the  hopper  and  crushing- 
rollers,  what  falls  upon  the  red-hot  fuel  is  quickly  in* 
flamed,  so  as  to  produce  but  little  smoke;  and  the  fire  is 
stoked,  without  opening  the  door,  by  means  of  a  raker 
passing  through  a  small  hole,  the  furnace-man  having  the 
means  of  inspeclin«:  the  progress  of  the  fire  through  some 
small  squares  of  talc,  or  Muscovy  glass.  Having  ex- 
plained the  principal  arrangements  of  this  apparatus,  we 
pass  over  the  details,  and  proceed  to  the  description  of  the 
other  plan  mentioned,  which  is  represented  in  the  sub- 
joined cuts. 

Fig.  1,  exhibits  a  vertical  section  of  a  boiler  and  fur- 
nace : — a  is  the  fuel  hopper,  to  convey  the  coals  into  the 
front,  or  side  of  the  fire,  b  b  three  iron  rollers,  to  reduce 
the  coals  to  a  small  size,  and  supply  the  fire  with  a  uni- 
form quantity,  as  the  consumption  requires,  c  is  the  front 
grating,  and  only  aperture  for  air;  the  coals  being  always 
above  the  front  bars,  the  air  must  pass  through  the  firo 
and  become  heated,    c/ </  a  massive  lump  of  iron,  with  a 
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"return  end,"  lo  receive  the  first  heal;  and  m,  an  aper- 
ture throujrh  the  same,  for  fluine  (o  pa<t9,  to  assist  and 
ignite  the  smoke  that  may  p:is*i  through  the  interna!  flue*. 
f  is  the  bottom  of  the  boiler,  and  g  ihe  top.  The  Mi-k 
flue,  which  leads  through  the  boiler,  is  cast  of  great  thick- 
ness, as  shown  by  (he  piece  i,  and  that  on  the  opposite  sido 
of  the  flue,  the  latter  runnings  through  it ;  k  the  man-hole, 
for  cleansing  the  internal  Hue;  jj  is  a  damper;  s  a  door  lu 
(he  ash-pir,  made  nir-tight. 

Fig.  2,  ia  an  end  view  of  the  boiler,  the  letters  of  refe- 
rence thereon  denoting  the  parts  exhibited  in  the  other 
figure. 


Patent  Boiler  Fumace:^^  by  John  Wakefield,  of  Manchester. 

1820* 


riits  plan  consists,  as  stated  in  the  Hpecificatlon,  in  pla'^ 
cin^  checks  or  stops  in  the  flues  of  furnaces,  for  the  pur- 
pose of  inipedins^  the  progress  of  the  flame  and  heated 
vapour,  in  ord^r  that  time  may  be  allowed  to  impart  its 
heat  to  the  boiler.  The  patentee  observes,  that,  before 
the  date  of  this  patent,  he  was  in  the  practice  of  introdu- 
cina:  checks  behind  the  breast  of  the  furnace,  at  right 
anfifles  to  the  sides  of  the  bed,  or  bottom  part  of  the  flue. 
His  present  invention  is  stated  to  consist  in  making  those 
checks  which  are  placed  in  ilie  farthest  part  of  the  flue  to 
stand  obliquely,  inclining  towards  the  front,  by  which  the 
egress  from  the  flue  may  be  impeded.  The  checks  consist 
of  partitions  of  brick-work,  extending  from  the  sides  of 
the  flues  to  rather  more  than  half-way  across;  their  in- 
clined positions  causing  the  flrst  pair  to  conduct  the  second 
pair,  and  to  retain  the  heated  vapour  under  the  boiler,  in 
a  manner  better  calculated  to  produce  the  desired  eflect 
of  heating  the  vessel,  than  if  they  were  placed  at  right 
angles.  The  number  of  these  checks  so  disposed,  may  be 
four  or  six,  according  to  the  length  of  the  boiler.  In  the 
front  of  the  breast,  there  is  a  curb  or  projection  towards 
the  fire,  intended  to  impede  the  progress  of  the  uncon- 
snmed  smoke,  which  would  otherwise  pass  ofl"  quickly 
with  the  healed  vapour  into  the  flue,  and  being  deprived 
of  its  oxygen,  wonid  escape  unconsumed.  But  by  means 
of  this  curb,  the  smoke  is  arrested  in  its  progress,  and  at 
the  same  time  is  met  by  a  current  of  fre'^h  air,  supplied 
through  blowers  leading  from  the  ash-pit  to  thul  part  of 
the  furnace,  by  which  means  it  k  forced  back  down  upon 
the  flre^  and  its  combustion  effitted. 

Another  improvement  described  under  this  patent  con- 
sists in  placing  the  bars  of  the  fire-grtUc  radially,  that  is, 
much  closer  together  in  the  front  than  ixt  the  hinder  part. 

£  [vantage  of  this  arrangement  is,  tliul  the  small  coals 
evented  from   falling  through   the  grating  at  the 
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time  of  feedinfif,  and  get  coacrulatcd  toijether  before  they 
arc  pushed  towards  the  farther  part  of  the  grate.  Thi* 
disposition  of  the  bars,  however,  the  inventor  obserres,  he 
had  exercised  prior  to  the  date  of  his  patent,  and  there- 
fore does  not  claim  it,  but  has  since  introduced  an  im* 
provement  upon  it,  which  forms  a  part  of  this  patent,  viz. 
instead  of  laying  all  the  bant  radially,  he  now  lays  fron 
Ihree  to  six  of  the  bars  (according  to  the  width  of  the 
grate)  parallel  to  each  other,  in  the  sides  of  the  gnit^ 
placing  the  radial  pnrtion  of  the  bars  in  the  middle  of  the 
grating.  The  reanon  of  placing  these  side-bars  parallely 
is  for  the  purpose  of  allowiiig  the  teeth  of  a  rake  to  be 
passed  along  the  side  of  the  grate,  between  these  bars,  hj 
means  of  which  the  couls  are  pushed  to  the  back  part  of 
the  fire.  This  rake  may  run  in  and  out  upon  a  roller,  and 
rise  and  fall  by  pivots,  and,  if  required,  be  worked  bya 
rack  and  pinion,  or  in  any  convenient  manner.* 


Paient  Smoke-constiming  Apparatus^  by  Josiak  Parku^  ^ 
Warwick.     1820. 

This  apparatus  differs  in  a  very  trifling  respect  from  its 
predecessors,  yet  the  patentee  having  succeeded  in  getting 
it  applied  to  the  steam  engines  of  several  large  vork«,  d^ 
tained  likewise  the  testimony  of  the  proprietors  of  those 
establishments  before  the  committee  of  the  Hou^e  of  Com- 
mons; and  through  the  medium  of  the  latter,  and  its  pub- 
lished reports,  it  acquired  a  celebrity  to  which  (in  jnstiee 
to  others)  it  was  but  little  entitled. 

The  boiler  is  supported  al  ita  angles  only,  so  that  very 
nearly  the  whole  of  its  bottom,  and  the  lower  portion  o( 
its  sides,  may  be  exposed  uninterruptedly  to  the  immediata 
influence  of  the  fire.  A  large  supply  of  coals  is  deposited 
in  a  space  of  tuenty  or  thirty  inches,  left  between  the 
furnace  door  and  ihe  bars  of  the  grating,  for  the  porpow 
of  iHMng  pushed  forward  upon  the  latter,  by  a  long-han- 
dled instrument,  without  opening  the  door  for  replenish* 
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ing  the  Gre,  which  cools  the  boiler,  and  causes  the  emis-* 
ftion  of  much  dense  smoke  at  the  chimney.     The  ash-pit  is 

tuninclosed ;  at  the  back,  a  channel  is  cut  through  the 
brick-work,  for  the  admission  of  a  current  of  cold  atmo- 
spheric air  to  the  throat  of  the  chimney,  or  that  part  of  the 
tflue  through  which  all  the  smoke  must  pass,  in  its  exit 
from  the  furnace;  and  this  current  is  so  directed  as  to 
drive  buck  the  vapour  into   the   furnace,  which   innanies 

t.the  combustible  matter  of  the  smoke.  The  lower  end  of 
Ihe  air  channel,  in  the  ash-pit,  is  provided  with  a  flap- 
valve,  which  being  operated  upon  by  the  handle  of  a  long 
trod,  extending  to  the  outside  of  the  front  of  the  furnace, 
the  aperture  into  the  channel  is  enlarged  or  diminished, 
and  consequently  the  supply  of  air  may  be  re^^ulated  ac- 
cording to  circumstances.  The  saving  in  fuel  eflTectcd  by 
this  method  of  working  a  fire,  is  stated  to  be  from  25  to  35 
per  cent. 


Smoke-consuming  Apparatus^  by  Malthmo  Murray^  Leeds* 

1831. 

Most  of  our  readers  mast  have  observed  that  the  very 

dense  black  smoke   which    issues  from    the   chimneys  of 
steam  engines  is  not   constant;   tbnt  it   commences  at  the 

■  time  of  putting  on  fresh  fuel,  and  continues  for  a  few  mi- 
nut€!s  aftrrwards.  At  this  time,  owin^  to  the  increased 
combustion,  the  air   finds   is  \va\  throuirh   the   fuel  with 

■  less  opposition,  and  the  evolution  of  dense  black  smoke 
ceases  until  the  next  charge  of  coal9.  To  supply  the  re- 
4|uisite  ijiiuntity  of  air  to  burn  this  black  smoke,  the 
lute  Mr.  Miirrny  devised  a  very  ingenious  machine.  It  is 
described  in  a  letter,  addfossed  to  the  editor  of  the  Lon- 
don Journal  uf  Arts,  dated   Feb.   15    1821,  where  he  ob- 

■  serves — "  The  most  effectual  method  yet  known  for  con- 
'    suming  smoke,  is  by  the  admission  of  a   large  quantity  of 

air  to  the  hottest  part  of  the  tiro,  ai  the  time  ilic  smoke  is 
I  bursting  from  the  recent  charg  i  g  of  coal*  The  necessary 
"     quantity  of  air  to  be  admitt  ti  ought   not   to  be  less  than 

ua^  pass  through  un   aperture  of /our  nquare  inches  for 
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each  hone  power  that  the  boiler  or  lire  is  equal  to.  Thu 
will  consume  the  smoke  in  from  three  to  five  minuteSf 
according  to  the  quantity  and  quality  of  coal  put  on  ai 
each  time.  The  times  of  charging  being  not  more  than 
five  times  in  an  hour,  nor  less  than  three.  The  air*t 
rushing  into  the  flue,  in  the  moving  power  for  giving  mo- 
tion to  my  new  regulating  machine,  which  continues  in 
motion  during  the  consumption  of  smoke,  but  no  longer. 

^'  By  this  method  there  in  no  unnecessary  loss  of  heat, 
.as,  when  the  aperture  h  left  open,  or  the  shutting  it  off 
•is  entrusted  to  the  uncertainty  of  neglect,  which  is  the  caae 
jf  regulated  by  hand,  and  from  whence  a  great  loss  of  fad 
4s  the  consequence," 

The  opening  of  the  fire-door,  to  admit  the  fuel,  pats 
the  machine  In  a  state  for  measuring  olT  the  quantity  of 
eir  to  be  admitted  after  each  charging;  drawings  and  de* 
scriptions  of  this  apparatus  are  given  in  the  beforemen* 
tioncd  work,  vol.  ii.  but  we  will  here  endeavour  to  afford 
the  render  an  idea  of  it,  without  drawings. 

The  machine  consists  of  a  sheet-iron  box,  containing  a 
light  fan-wheel,  from  which  proceeds  a  capacious  tube, 
coinniunicating  with  the  tire*place,  and  containing  a  tum- 
iii«;  valve^  which  opens  or  cloftes  the  passage;  the  mecha* 
nisni  through  which  these  operate  we  will  explain,  wiU 
its  modf  of  action. 

When  the  fire-door  is  opened  to  take  in  fresh  c«*l,  it 
discharges  (by  means  of  a  wire  and  slip  catch  connected 
to  the  door)  a  pall,  which  sets  at  liberty  a  suspended 
weight,  which  t>y  its  descent  turns  a  ratchet-wheel  one 
revolution  and  u  quarter,  which  places  the  turn-valve 
ed^ewiiys  against  the  current,  and  leaves  a  free  comma* 
nicalion  between  the  atmosphere  and  the  upper  side  of 
the  fire.  In  this  state  of  rest  the  machine  remains,  until 
the  fire-door  is  shot,  when  the  current  of  air  enters  the 
machine,  turning  rapidly  the  fan-wheel,  w^hich  having  a 
pinion  on  its  axis  of  only  one  tooth,  gives  a  slow  motion 
to  a  light  spur-wheel  o{  many  teeth;  this  wheel,  through 
the  medium  of  a  catch-rod  and  other  simple  mechanisn, 
gradually  closes  the  turn-valve*  the  smoke  having  bi en 


PRITCHAHD  S  SKOKE-COX80M1NG   APPARATUS. 


799 


consumed,  the  fire  continues  burnings  until  a  fresh  supply 
of  fuel  is  necessary,  when  the  fire-door  is  opened,  and  the 
whole  operation  is  repeated. 


Patent  Apparatus/or  Consuming  Stnoke,  by  IV.  Pritchardj 
of  Leeds.   1821. 

The  patentee  slates,  in  his  specification,  that  he  has  ob- 
served that  the  adnii:^sioM  of  fresh  air  into  the  I'urnacc  is  ne- 
cessary to  the  consumption  of  smoke;  ^'and  that  if  the  doors, 
*r  air-fluesy  arc  not  closed  in  proper  time,  the  cold  air  will 

»  cause  a  more  rapid  combustion  of  coal  than  is  necessary  or 
consistent  with  economy,  as  well  as  tend  considerably  to 
increase  the  wear  of  the  boiler.  From  which  circum- 
stances he  has  bren  induced  to  tidopt  this,  his  simple  and 
I  new  invention,  whereby  a  self-adjusting  or  self-regulating 
apparatus  is  produced,  which  will  cau^e  (he  fire-doors  or 
air-Hues  to  become  closed   in  any  required  space  of  lime, 

I  without  dependin^r  upon  the  care  of  the  man  who  attends 
to  supply  the  fire  with  fuel.** 
The  apparatus  consists  of  a  small  cylinder,  placed  in 
any  convenient  part  of  the  boiler  house,  having  an  air- 
tight piston  to  rise  and  full  within  it.  At  the  upper  end 
of  the  piston-rod  a  chain  in  attached,  which  passes  over  pul- 

■  lies,  and  at  its  reverse  end  is  connected  to  the  (opof  the  fire- 
door  or  air-flue  doors  ;  by  means  of  which  connexion,  when 
the  fire-door  is  raised,  the  piston  descends  in  the  cylinder 

■  by  its  own  gravity,  and  when  the  fire-door  is  shut  down, 
the  piston  rises.  On  the  outside  of  the  cylinder  is  placed 
a  branch  pipe  or  channel,  through  which  the  air   passes 

1(88  the  piston  ascends  or  descends)  from  the  upper  to  (he 
lower  part  of  the  cylinder,  and  vice  versa.  In  the  mid- 
way of  this  branch  pipe  is  a  valve  or  stop-cock,  which 
may  be  so  adjusted  as  to  suffer  the  air  to  pass  slowly,  or 
by  a  very  small  stream,  through  (he  channel;  by  which 
means  the  ascent  of  the  piston  is  retarded,  and  hence  the 
entire  descent,  or  closing  of  the  fire-doors,  or  air-fluea, 
does  not  take  place  until  the  air  is  nearly  all  expelled 
from  the  upper  part  of  the  c)  Under,  allowing  time  for  the 
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requisite  quantity  of  atmospheric  air  to  pass  into  the  air- 
flues,  or  over  the  fire,  for  the  purpose  of  consumlnjs;  tht 
smoke;  which  time  of  closing  the  doors  is  regulated,  u 
above,  by  the  vatve  or  stop-cock  in  the  branch  pipe.* 


Patent  Fwmacefor  Consuming  Smoke,  by  Gtorgt  StroiUm, 
London.    1822. 

This  patented  contrivance  maybe  considered  as  a  modi- 
fication of  Mr.  Watt's  plan,  described  at  page  7f>I,  mhf  r«iD 
two  fires  are  employed.  Mr.  Stratton*s  specification  ex- 
hibits an  oblong  boiler,  set  in  a  furnace,  to  which  two 
fire-places  are  adapted  ;  one  of  them  is  in  front  of  the 
boiler,  being-  supplied  by  a  funnel  from  above,  of  tli« 
shape  of  an  inverted  cone,  which  is  surrounded  by  water^ 
and  there  is  a  common  fire-door  in  front,  to  be  used  when- 
ever necessary  to  have  access  to  the  burning  fuel.  K\ 
two-thirds  of  the  length  of  the  boiler  from  the  front,  ano- 
ther fire-grate  is  fi  xod,  and  the  coals  are  supplied  to  tbLi  h\ 
a  similar  conical  funnel  to  the  before-raenlioaed,  nbich 
passes  through  the  boiler. 

The  frre  is  to  be  first  kindled  on  the  bars  of  the  interior 
grate,  by  dropping  thereon  the  necessary  fuel  from  abor«, 
through  the  boiler,  the  fuel  being  continually  added  until 
not  only  thi^  fire-grate  is  charged,  but  the  inverted  conical 
pipe  also  entirely  filled,  forming  thereby  a  cone  or  pyra- 
mid of  coals,  extending  from  the  grating  to  the  (op  of  the 
boiler,  where  an  air-tight  cover  is  put  on  the  funnrl- 
feeder,  to  prevent  the  escape,  in  that  direction,  of  any  of 
the  products  of  combustion.  The  fire  in  the  front  of  the 
boiler  \h  next  lighted,  and  the  coals  heaped  up  in  tike 
n:Hnner,  by  entirely  filling  its  funnel  feeder,  which  i* 
closed  at  its  upper  orifice  by  another  air-tight  cover.  The 
air  ia  admitted  from  the  ash-pit  of  this  fire,  which  passioe 
through  the  bars  imd  the  burning  fuel  above,  the  currml 
of  flame  and  smoke,  in  its  course  to  the  chimney,  is  carried 
through  the  more  intensely  ignited  fuel  of  the  second  firt, 
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where,  the  tpecification  states,  the  smoke  is  entirely  con- 
sumed. Instead  of  mela]  caps  to  the  funnel  feeders,  Mr. 
Stralton  proposes,  in  some  cases,  to  adapt  hoppers  to  their 
superior  orifices,  furnished  with  sliding  valves. 

It  does  not  appear  that  this  patentee  thinks  it  necessary 
to  introduce  any  fresh  atmospheric  air  to  the  smoke  from 
the  first  fire,  which  will  of  course  need  a  supply  of  oxygen 
for  its  combustion. 

The  claim  made  by  Mr.  Stratton,  in  the  specification  of 
fais  patent,  is  as  follows  ; — 

^^  My  said  apparatus  may  vary  in  its  dimensions  and  pro* 
portions,  to  8uit  the  situations  to  which  it  is  applied  ;  but 
an  apparatus  applicable  to  fires^  which  causes  (he  siuoke 
^friwn  fires  to  be  consutnfd,  by  preventing  its  escape  from  the 
Jutl  in  any  direction,  except  through  the  immediate  body  qf 
ihefire^  which  generates  it,  thereby  exposing  it  to  such  an  I'n- 
tense  heat  as  will  consume  it,  and  capable  of  being  added 
or  attached  externall)  tu  almost  any  part  of  any  shaped 
boiler,  being,  to  the  best  of  my  knowledge  and  belief,  en- 
tirely new,  and  never  before  adopted  for  that  purpose  in 
this  kingdom,  1  intend  hereby  to  maintain  an  exclusive 
right  and  privilege  to  my  t*aid  invention/' 

This  claim,  thou^^h  worthy  of  remark,  i,s  by  no  meant 
singular  or  extraordinary,  for  it  only  exhibits  the  same 
want  of  information  on  mechanical  subject?,  and  the 
same  incorrect  mode  of  defining  the  thing  invented,  which 
pervade  the  greater  portion  of  the  specifications  of  pa- 
tents 1  It  is  however  very  remarkable  that  the  patentee, 
who  has  been  a  furnace-maker  thf  greater  part  of  a  long 
life,  ?,hou\d J  first,  claiui  for  his  ''  said  invention'"  a  totally 
different  thing  to  that  dt>scribed  and  delineated  ;  the  lat- 
ter is  shewn  to  consist  of  two  fires,  in  which  the  smoke  ge- 
nerated by  the  first  is  consumed,  (or  intended  lo  be  so)  by 
the  second,  while  the  claim  is  for  consuming  the  smoke  by 
the  '*  immediate  body  of  fire  which  generates  itP'* — second, 
that  a  n)an  of  his  experience  sliould  re-invent  and  describe 
a  verv  inferior  modification  of  previous  contrivances,  to 
which  the  utmost  notoriety  had  been  given,  by  patenting 
and  publishing  in  periodicals  and  pamphlets  (we  allude  in 
34.  5  a 
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particular  to  Mr.  Watt's  and  Mr,  Losb'<i  invention^)~ttid, 
thirdly^  that  be  should,  notwithstanding  these  circum* 
stances,  exclusively  claim  for  hia  invention  that  which  wai, 
previously,  even  more  extensively  known  and  u»ed  thin 
that  which  he  described  I 


Patent  ^^ Fuelling  Apparatus^^^  by  John  Stanley,  of  Man- 
chester.   1822. 

We  have  now  to  describe  an  apparatus,  in  which  a  &elf- 
regulating  mode  of  supplying  furnaces  with  fuel  i^  irilro* 
duced  ;  and  it  is  one  that  we  know  has  been  extensivelj 
and  successfully  reduced  to  practice.  It  forms  a  diatincl 
appendage  to  the  front  of  the  furnace  of  any  ordinar) 
boiler,  to  which  it  makes  a  very  neat  finish.  At  the  up- 
per part  is  a  hopper,  containing  a  supply  of  smalt  coalii, 
sufficient  for  an  hour  or  two^s  consumption.  Through  an 
aperture  at  the  lower  angular  extremity  of  this  vessel,  tbr 
coals  drop  between  two  grooved  rollers,  which,  revolvipg 
in  oppoHile  directions,  break  the  pieces  of  coal  which  are 
too  large  to  pass  through  without  being  crushed,  (the  dis- 
tance between  the  rollers  determining  the  dimensions  of 
the  pieces  of  coal,  %vhich  is  regulated  at  pleasure  by  turo- 
ing  a  set-screw.)  After  passing  between  the  rollers,  the 
coalR  fall  upon  a  flat  plate  of  iron,  whence  they  are  cou- 
tinually  projected  by  a  revolving  fanner,  wliick  scatters 
them  over  the  burning  fuel  on  the  grate,  whore  it  lici  in 
a  thin  bed,  in  order  that  the  air  may  have  a  more  free  pas- 
sage between  the  bars  ;  against  the  bridge  of  the  furhacf. 
however,  the  fuel  is  collected  in  a  deeper  mass  that  has 
reaf^ed  to  flame,  and  the  small  quantity  of  smoke  rising 
from  the  fresh  fuel  in  passing  over  the  bridge  becomes  in 
coni^eqtience  inflamed  and  consumed.  The  motions  o( 
the  crushing  rollers,  and  the  fanning  distributor,  are  n( 
course  communicated  from  the  engine  through  ihe  medium 
of  suitable  common  gear,  placed  outside  of  the  feeding 
apparatus. 

The  patentee,  at  the  conclusion  of  his  specification,  liiriti 
his  claim  of  invention  in  the  following  manner  : — **  I  do 
hereby  declare,  thiit  n^\  iiivpiition  consists  in  the  employ- 
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inent  and  application  of  the /tin,  similBr  to  the  one  herein- 
before descrihetl,  in  conjunciion  wiih  llio  hopper,  fluted 
roller  or  roUeriit,  ur  with  any  other  mechanical  expedient, 
capable  of  proHncing;  a  reg^ular  supply  of  coals,  so  that 
the  coaU  so  supplied  may  be,  by  the  fan,  as  aforesaid, 
thrown  upon  the  fire  or  furnace/' 

VVe  have  had  an  opportunity  of  oh^ervinj^  the  applica- 
tion of  this  very  excellent  invention  to  a  large  engine  at  the 
South  Lambeth  Water-works,  to  which  two  forly-horne 
boilers  are  provided.  Previously  to  the  adoption  of  Mr. 
Stanley's  apparatus,  it  was  fntind  necessary  (as  we  were 
informed)  to  use  both  these  boilers  at  one  time,  in  order 
to  obtain  suflicieni  steam  to  do  the  work,  and  the  labour 
of  the  fireman  was  at  that  time  found  excessive,  in  sup- 
plying llie  fuel  by  hand.  Now,  however,  the  feeding  of 
the  fire  i^  performed  without  manual  intervention,  and  the 
effect  of  the  fire  thus  mechanically  supplied,  is  so  much 
{greater  than  before,  that  only  one  of  the  boilers,  instead 
of  both,  is  found  fully  ade<|nate  to  supply  the  steam.  The 
^uantitv  of  fuel  required  is,  besides,  so  nicely  iTgulatedby 
the  en»^ine  itself,  that  the  instant  there  arises  an  excess  of 
steam  in  the  boiler,  the  feeding  apparatus  ceases  to  work, 
by  being  thrown  out  of  gear,  and  when  the  steam  falls  be- 
low the  requiretl  pressure,  the  falling  of  the  mercury  puts 
(he  machinery  into  gear  again,  and  the  feeding  with  the 
fuel  reconnnences.  The  large  coals  being  broken  l)y  (he 
rollers  to  a  sufBciently  small  size,  ignition  takes  place 
almost  at  the  instant  they  are  received  into  the  furnace, 
and  very  little  smoke  being  given  off,  there  Is  but  little 
requiring  subsequent  combustion.  Tlie  (nechanism  re- 
quired to  give  efficiency  lo  this  apparatus,  when  viewed 
as  a  whole, gives  it  an  elaborate  appearance:  yet  the  seve- 
ral combinations,  taken  distinctively,  are  <jo  simple,  and 
udapted  lo  their  object,  that  the  liability  of  (Icrangenient 
and  the  cost  of  repairs  must  be  (rifling;  on  this  point  we 
were  informed  that  the  engineer  who  put  it  up,  (Mr. '!*. 
Thoma^,  of  Holland-street,  Blackfriars,  London,  ngtMit  lo 
the  patentee,)  offered  lo  keep  it  in  repair  for  2  per  cent, 
of  the  lirst  cost,  per  annum. 
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Patent  Method  of  Condensing  Sitioke   and  MttaUk  Vff- 
pours,  by  3/r.  Humphrey  Jeffrey^  of  BristoL    l&M. 

The  highly  pernicious,  and  even  deleterious  effects  pro- 
duced upon  the  inhabitants,  the  cattle,  and  the  vegetation, 
in  the  vicinity  of  works  for  the  smelting  o^  copper,  lead, 
and  other  ores,  led  the  patentee  to  devise  the  followiag 
plan  of  a  flue,  as  a  remedy  for  tho  evil,  which  may  be  ap- 
plied to  any  description  of  furnace,  for  the  condensation  of 
smoke,  where  a  supply  of  waler  can  be  conveniently  ob- 
tained. 

The  above  figure  gives  a  vertical  section  of  (he  patent 
Hue.  a  represents  a  common  flue,  proceeding  from  any 
description  of  furnace;  the  (op  of  which  being  closed,  tbe 
vapour  proceeds  along  the  horizontal  branch  d,  into  tlw 
:ondcn8ing  shaft  b;  on  Iht^  top  of  this  second  shaft  iii  placed 
i  cistern  of  water,  ihe  bottom  of  which  is  perforated  with 
numerous  small  holes ;  and  being  duly  supplied  with 
water,  a  constant  shower,  like  fine  rain,  is  produced,  while 
the  furnace  U  at  work.  The  showering  of  the  water 
^  -  lines  a  atrorig  draught,  by  which  the  vapour  is  drawn  int" 
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the  current,  and  immediately  condensed.  The  several  mat- 
ters thus  condensed,  (particularly  sulphur,  in  large  .quanti- 
ties), run  olTwith  the  water  through  the  passage  ^,  into 
recipients  suited  to  the  nature  of  the  products  obtained  by 
the  operation.  When  only  one  cuminf>n  wait  divides  the 
scnokc  passage  from  the  condensing  shaft,  a  hole  through 
the  wall  of  the  same  area  as  the  chimney,  will  answer 
equally  well. 

Furnace  for  Consuming  Smoke.,  by  .^fr,  George  Chapman^ 
of  Whitby,   1824. 

It  being  a  well-established  condition,  that  a  portion  of 
pure  atmospheric  air  must  be  admitted,  to  unite  with  the 
2imoke  after  it  is  {generated  in  the  furnace,  in  order  to  sup- 
ply (he  oxvs:en  ^as,  without  which  it  will  not  inflame  ;  and 
it  being  an  eqnalU  established  fact,  that  any  air  admitted 
into  the  body  of  the  furnace,  if  it  does  not  go  through  the 
burning;  fuel,  has  a  great  tendency  to  cool  the  boiler,  and 
retard  the  generation  of  steam :  to  obviate  thlK,  it  had 
been  the  general  practice,  in  the  construction  uf  furnuceH 
to  consume  the  smoke,  to  admit  the  air  partly  at  the  ash 
pit,  and  partly  up  through  the  fire-bridge.  By  Mr.  Chap- 
man's plan,  however,  the  air  is  heated  before  it  enters  the 
furnace,  in  the  following  manner:  — 

The  grate-bars  arc  cast  hollow,  from  end  to  end,  so  that 
they  form  a  series  of  parallel  tubes,  which  open  into  two 
boxes,  one  placed  in  front,  and  the  other  behind  the  grate. 
In  the  front  box,  directly  underneath  the  fire-door,  there 
is  a  register  to  open  and  shut,  to  any  extent,  at  pleasure. 
The  other  end  is  connected  with  the  brick-work,  directly 
under  the  fire-bridge,  which  (ire-bridge  itt  made  double, 
with  a  small  interval  between,  about  one  inch,  the  inter- 
val to  go  across  the  furnace  from  side  to  side,  and 
rather  to  incline  forward,  or  towards  the  fire-door,  so  ae 
to  meet  and  reverberate  ilic  smoke  on  to  the  ignited  fuel 
in  the  grate,  which  causes  it  to  inflame  and  become  a  sheet 
of  bright  fire  under  the  bottom  of  the  boiL'r. 

From  the  foregoing  It  will  be  perceived,  that  if  the  front 
re^^ister  is  oocn,  or  pariiiiMy  so,  there  will  be  u   gr»ut 
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draught  of  air  through  iu  along  ihc  interior  of  the  cni4e* 
bars,  iheticc  into  (he  flue  of  the  tire-bridgp,  and  out  of  ikr 
'Orifice  ut  top,  which  air  will  l>e  heated  in  its  |>a»agr 
through  the  bars,  before  it  comes  in  contact  with  theaaoke, 
when  it  will  give  out  its  oxygen,  and  cause  it  to  infltme. 

In  tt  letter  to  the  Society  of  Arts,  from  whose  "  Trm- 
suctions**  this  account  is  taken,  Mr.  Chapman  obseriM, 
'^Such  WU8  my  view  of  this  part  of  the  subject  in  theory,  and 
I  have  fnuiid  it  to  succeed  in  practice,  in  a  small  engineof 
Diy  own.  But  a  further  improvement  was  nece^sar),  to 
(make  it  quite  perfect.  There  arc  few  people  who  are 
.ware  of  the  extent  of  the  mischief  arising  from  the  old 
'method  of  charging  a  grate  by  tlie  front  door.  Now,  ir 
•my  engine  (which  is  only  two*horae  power»)  1  calculated 
.hat  e\ery  time  the  fire-door  was  opened,  to  stir  the  firf, 
'and  replenish  the  fuel,  there  could  not  be  less,  than  from 
45  to  50  cubic  feet  of  cold  atmospherical  air  admitted  into 
the  furnace,  which  so  cooled  the  heated  gases,  &c.-(baL, 
however  complete  the  plan  was  in  other  respects,  the 
smoke  could  not  possibly  inflame  from  being  ^o  cooled,  till 
a  considerable  time  after  the  flre-dour  was  shut. 

"  To  obviate  this,  I  have  adopted  a  cnst*iron  hopper 
above  the  Are-door,  with  a  type  at  the  bottom  that  baa 
two  pivots  at  one  side,  and  opens  at  the  other ;  one  pivot 
goes  through  the  end  of  tlie  hopper,  and  has  a  counter 
lever  to  keep  the  type  shut,  when  a  suflicient  quantity  •( 
coal  for  a  charge  is  on  it.  The  top  of  the  hopper  i^  co- 
vered with  a  lid,  which  1  nhut  down  during  the  lime  of 
firing;  then,  by  lifting  the  lever  which  opens  the  type  in- 
side,  the  coals  slide  down  on  to  the  fore  end  of  the  grate- 
bars,  which  is  only  the  work  of  a  moment.  It  is  evideat 
that  no  quantity  of  cold  air  can  thus  get  into  the  furnace; 
in  fact,  it  is  not  possible  for  any  person  (hat  does  not  §ec 
the  operation  of  firing,  (o  know  when  fresh  fuel  is  added, 
by  looking  at  the  top  of  the  chimney.  The  smoke  that 
issues  Is  never  more  than  a  light  grey,  just  perceptible, 
but  in  a  general  way  is  not  seen  at  all. 

"  The  coals  last  admitted,  after  lying  a  &horl  time  al 
the  front  of  (he  uiore  igtiited  fuel,  become  partially  coked« 
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and  just  before  I  admit  a  fresh  supply,  I  push  the  last 
charge  further  along  the  grate,  by  a  lool  made  for  the 
purpose,  which  remains  constantly  in  the  furnace.  It 
consists  of  a  plate  of  iron,  abotit  four  inches  broad  ;  itR 
length  goes  across  the  fi:rate,  with  a  round  bar  of  iron 
riveted  in  its  centre,  at  right  angles,  to  form  a  handle, 
which  tomes  through  a  hole  made  in  the  bottom  of  the 
fire-door,  and  is  long  enough  for  a  man  to  use  wilh  both 
hands,  so  (hat  he  can  either  push  from  or  pull  towards 
him,  to  manage  the  tire  within,  wilh<jut  opening  the  (ire- 
door,  except  when  the  grate  wants  cleaning,  &c.  Sic.  For 
better  knowing  when  the  lire  viants  stirring  or  replenish- 
ing, I  have  a  hole,  about  an  inch  in  diameter,  in  the  fire- 
door,  to  look  through,  covered  by  a  piece  of  iron,  which 
hangs  by  a  rivet  above. 

''After  I  have  used  the  above  instrument,  1  pull  it  up 
close  to  the  fire-door,  where  it  remains  till  it  is  again 
wanted;  and  the  coals,  when  let  into  the  fire,  fall  down 
beyond  it. 

*' The  above-written  account  constitutes  the  whole  ot 
luy  improvements,  as  far  as  is  required  by  the  Society,  but 
not  the  whole  of  the  advantages  gained  by  mv  invention. 
For  instance,  the  durabilitij  of  the  grate-bars^  by  4he  ad- 
mission ot*  air  through  them.  1  may  add  that  1  examined 
my  own  yesterday,  and  1  do  not  tind  them  any  worse,  al- 
though they  have  been  in  use  since  the  beginning  of  Oc- 
tober last  (lH-24)/' 

Mr.  Chapman  concludes  his  letter  by  referring  the  So- 
ciety to  the  certificates,  M'hich  accompany  the  communi- 
cation, of  several  scientific  gentlemen  of  Whitby,  all  of 
the  highest  respectabillLj,  whose  attestations  confirm  the 
statement  of  the  inventor  in  every  important  particular. 

Reference  to  the  Engravings^ — Fig.  I,  is  a  section  of  the 
boiler  and  furnace ;  and  fig.  2,  a  view  of  the  hollow  bars 
as  they  open  into  the  box  i. 

a  is  the  boiler,  b  the  fire-place,  c  the  feeding  hopper, 
with  its  cover  d,  and  ii<^  t>pe  or  turning  bottom,  with  rts 
lever  or  counterpoise  e,  by  means  of  which  the  coals  are 
delivered  into  the  .'i    -  place.    /  is  a  rake,  by  means  of 
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which  the  hulf-burnt  coals  are  pushed  forwards  previoasW 
to  lettin:;  in  a  fresh  charge;  ^a  slit  below  the  fuma**- 
door,  throui^li  which  the  shaft  of  the  rake  passes;  h  an 
eye-hole  in  the  furnace-door,  throtij^h  which  the  stale  of 
the  fire  is  seen  ;  i  i  an  air-tight  box,  into  the  back  of  which 
the  bars  open,  and  in  front  of  which  is  a  register  for  lb* 
admission  of  air;  k  one  of  the  hollow  bars,  the  whole  of 
which  are  shown  in  fi^.  2,  as  they  open  into  the  box  t 
above-mentioned;  /  a  flue  in  the  Hre-hridge,  lhrou|B;h 
which  the  air  having  passed  into  the  box  i,  and  thence 
through  the  hollow  bars  k,  passes  into  the  furnace  and 
consumes  the  smoke. 

For  the  communication  of  the  foregoing  invenliun  to 
the  Society  of  Arts,  the  Society  awarded  Mr.  Chapman  in 
honorary  medal. 


1 
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The  constituent  gases  which  form  water  (oxygon  nnd 
hydrogen)  being  powerful  supporters  of  combustion,  it  ha«( 
neeu  attempted  by  Mr.  Evans  to  render  them  available  for 
that  purpose  by  decomposing  higb-pre.Asure  steam,  by- 
causing  it  to  pass  through  the  atrongly-igniled  fuel  of  the 
furnace.  The  apparatus  used  by  Mr.  Evans  for  thi<4  pur- 
pose is  delineated  in  the  preceding  cut,  where  A  represents 
an  end  view  of  the  boiler,  of  a  cylindricnl  figure,  set  in 
brick-work  in  the  usual  manner;  B  is  the  internal  fire- 
place, contained  in  a  large  tube  denoted  by  the  dotted  cir- 
cle;  C  is  the  ash-pit;  £/ a  branch  from  the  waste-pipe  of 
steam  engine ;  e  a  stop-cock  ;  /  is  tbe  feeding  tube,  pierced 
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with  numerous  small  holos,  through  which  the  steftmj 
capes  in  little  jefs  diffusing:  itself  over  the  surface 
underneath  part  of  the  fire,  whence  in  passing  (bronghlhe 
burninfE^  fuel  it  becomes  decomposed.  The  fuel  employed 
13  coke,  which  gives  off  little  or  no  flame,  when  the  stcan* 
feeding  apparatus  is  not  used;  but  imtoediately  ibe  cock< 
is  turned,  a  powerful  flame,  as  represented  at  g^  is  pruduce^]. 
presumed  to  be  from  the  burning  of  the  hydrogen,  rosult- 
ing  from  the  decomposition  of  the  water.  Without  enter- 
ing here  into  the  discussion  whether  any  increased  effrct 
is  produced  by  the  "burning  of  the  steam,*'  there  can  bt- 
no  doubt  of  a  great  advantage  resulting  from  its  applica* 
tion  in  blowing  the  fire,  which  it  manifestly  excites,  and 
raises  the  steam  to  much  greater  ela^icily,  as  we  had  an 
oppoKunity  of  witnessing. 

Mr.  Evans*s  premises  being  situated  in  a  closcly-built 
part  of  the  town,  he  tried  every  means  in  his  power  lu 
obviate  all  annoyance  to  his  neighbours,  from  Che  emission 
of  dense  smoke  from  the  chimney  of  his  steam  engioe. 
With  that  view  he  first  made  trial  of  coke  in  his  furnace, 
but  was  under  the  necessity  of  relinquishing  it,  findini^  that 
he  could  not  therewith  raise  the  steam  beyond  eighteen  or 
twenty  pounds  upon  the  inch,  however  unsparing  he  nas 
in  the  quantity  of  coke  employed;  he  therefore  resorted 
to  the  use  of  coal  to  obtain  the  required  work  from  the 
engine.  Stilisequcntly,  however,  it  occurred  to  him  that  be 
might  use  his  waste  steam  as  an  auxiliary  to  combustion, 
and  he  devised  an  apparatus  of  the  kind  we  have  just 
described  ;  he  now  tried  coke  again,  and  the  result  ex- 
ceeded his  most  sanguine  expectations,  the  steam  being 
kept  up  steadily  to  about  thirty-five.  The  quantity  of 
coke  consumed  was  from  six  to  six  and  a  half  compared  to 
five  of  coals,  consequently  reducing  the  expense  to  nearly 
one  half. — Mv.  Evans  has  satisfactorily  proved,  by  the  con- 
stant use  of  this  apparatus  during  five  yeani,  its  economj 
in  saving  expense  of  fuel,  and  its  indispensable  utility  to 
himself,  in  entirely  obviating  the  necessity  of  creating  tatj 
dense  smoke. 

Mr.  Evans  found  tt^t  a  considerable  quantity  of  wat«r 
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was  reformed,  after  passing  through  the  furnace, 
obliged  him  to  have  a  cistern  fixed  at  the  bottom 
chimney  to  collect  it. 


which 
of  the 


Patent  Fnrnace'feedimj  Apparatus,  by  James  Barrott,  q/*. 
Birmingham.     1826. 

The  object  of  this  invenlion  is  to  feed  the  furnace  with 
fuel,  without  opening  the  furnace  door^  and  in  causing  all 
the  air  admitted  to  support  combustion  to  pass  through 
the  grate  bars,  A  large  lube  is  erected  in  a  vertical  posi- 
tion nearly  over  the  furnace;  ibis  tube  is  divided  into 
several  compartments,  one  over  the  other,  by  falling  bot- 
toms, and  having  openings  at  the  sides ;  opposite  to  each  of 
these  openings  is  a  box  or  tray,  charged  with  coal,  suspended 
upon  pivots  in  a  vertical  frame,  in  connexion  with  a  train 
of  wheels  that  by  their  revolution  draw  up  a  sliding  bar  ; 
which  bar,  by  means  of  a  click,  successively  turns  over  the 
equipoised  boxes  of  coal,  into  one  of  the  compartments  of 
the  lube,  the  falling  bottom  in  which  now  giving  way,  dis- 
charges the  coals  through  the  tube  on  to  an  inclined  plane 
or  shoot,  which  distributes  them  upon  (he  grate.  The  bot- 
toms of  the  several  compartments,  in  falling  by  the  weight 
of  the  coals,  depress  the  tipper  end  of  a  long  lever,  the 
lower  end  of  which,  formed  into  a  rake,  is  thereby  caused 
to  ascend  and  rake  out  the  ashes  from  the  fire  burs  from 
underneath,  just  previous  to  the  distribution  of  the  fresh 
fuel.  In  this  manner  the  furnace  is  fed  with  small  quan« 
titles  of  fuel,  and  at  uniform  periods  of  time  apart. 


I 


Patent  Furnace    Grates^  by   Mr,  Jacomby  of  Basinghalt 
Streety  London.  1826. 

The  principal  intention  of  the  inventor  was  the  con- 
struction of  grates  for  domestic  use,  but  he  includes  in  his 
specification  a  notice  of  their  application  to  steam  boilers. 
The  furnace  consists  of  a  cylindrical  cage  of  bars,  in  which 
•  he  fuel  is  put  at  the  top,  and  the  cylinder  is  then  turned 
half  a  revolution  on  its  hearings,  to  bring  the  fresh  fuel 
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under  the  ignited,  causing  tlic  smoke  from  the  fmk 
lo  pass  (lirougli  (he  i';;iiited  portion,  und  bo  con»«a^ 
The  following  de^ription  is  cxtraclpd  from  tbc  thttnl 
volume  of  the  Register  of  Arts. 

^''Fig.  1.  regreAoiilM  hii  elevation  or  6idc*iriew  of  tWcy^ 
)indricQl  furnace,  (or  stove-^rate,)  supported  opoa  Hi 
hollow  axid  a  a,  which  resbi,  and  revolves  when  rcqvtre^ 
(as  will  herenfter  bo  described)  on  the  f)upport*t  A  6.  fW 
external  horizontal  bars,  uhich  contain  and  cocii»tjliiie  iW 
Eiupport  of  the  furl,  arc  rivcltcd,  or  othcrwinc  fixet!  to  ihe 
circular  ends  cr.  Fig^.  ^.  jfives  an  end  *iow  of  iWn  rjlia* 
drictil  furnace,  by  which  it  14  shewn  thai  the  cyliato'  li 
closed  at  one  end,  and  divided  into  equal  pr^rit.  •«• 

parlments  by  the  biirs,  d d d^  at  (hr  olbrr  end  ,  (»>• 

vtons  extend  the  whole  length  of  the  cylinder,  «    that  the 
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furnace  is  thereby  divided  into  three  (or  it  may  be  any 
number  of)  diHtiiict  conipHrtnients,  into  which  the  doors 
eee,  severally  open  and  communicate,  a  represents  the 
interior  Itollow  axis,  uhich  is  likewise  connected  by  bars 
from  end  to  end;  through  this  opening  a,  air  is  aduiiUed 
for  the  support  of  combustion,  and  for  the  requisite  stoking 
or  clearing  the  fire  of  ashes  and  other  residuum,  as  u'ell  as 
for  the  introduction  of  steam,  tar,  or  other  material,  for  in- 
creasing the  combustion.  Fig.  'S.  is  a  plan  of  one  o'C  the  end 
circles  or  frames  cc,  with  the  arms  <f  drf,  as  before  described. 

^'  In  putting  the  apparatus  described  into  operation, 
when  applied  to  a  boiler  for  generating  steam,  it  is  to  be 
placed  within  a  flue  or  passage  through  the  boiler,  so 
formed  as  to  admit  the  apparatus  to  revolve  on  its  axis,  with 
the  feet  6  6,  resting  on  the  bottom  of  the  flue;  and  it 
should  be  inserted  so  far  within  the  flue,  that  the  end  at 
which  the  fire-doors  e^  e  are  fixed,  should  be  flush,  or 
parallel  to  the  outside  of  the  boiler,  as  shewn  at  lig.  4. 
In  this  position,  the  whole  of  the  space  between  the  ex- 
terior and  interior  cyllttders  are  charged  with  coal,  coke, 
or  other  fuel,  and  the  uppermost  portion  is  then  lightetl 
or  fired,  air  being  admitted  through  the  open  end  of  the 
cylinder  a,  and  through  the  bars  of  which  the  same  is 
formed.  As  soon  as  that  portion  of  the  fuel  contained  in 
the  uppermost  compartment  is  burned  to  that  state  in 
which  it  gives  off  no  more  smoke  or  vapour,  the  whole 
cylinder  is  to  be  gradually  turned  in  its  hollow  axis,  in 
order  thai  a  portion'  of  the  fuel  contained  in  the  adjoining 
compartment  may  also  become  ignited.  Uy  thi:^  action  it 
wilt  be  seen  that  the  smoke,  generated  by  the  lighting  of 
that  portion  of  the  fuel  beneath,  or  immediately  contiguous 
thereto,  is  compelled  to  pass  through  the  first  lighted  por- 
tion, and  is  thereby  consumed. 

''When  fresh  fuel  is  required,  it  is  to  be  thrown  into 
the  uppermost  division,  through  the  door  e,  and  upon  the 
top  of  the  ignited  fuel  contained  therein  ;  the  cylinder  is 
then  to  be  turned  on  its  axis,  so  as  to  bring  the  fresh  fuel 
under  that  which  is  ignited,  the  cylinder  being  turned  as 
often  as  may  be  required^  to  keep  the  live  fuel  on  the  top. 


"By  this  arrangement  il  will  be  obserr 
component  parts  of  the  coal  are  made  available  for  \ht 
production  of  heat,  and  the  draught  ofpir  conveyed  to  iW 
centre  of  the  fire  in  any  f|Uantity,  and  \vhich  may  be  rrjpi* 
lated  to  the  greatest  nicety  through  (he   centre  of  tbc 

f  cylinder. 
^'The  rotary  motion  occasionally  given  to  tbe  forMee 
U  to  be  effected  hy  a  lever,  in^rted  in  the  holes  on  tht 
end  of  the  axis,  shewn  at  cc,  fig.  1,  or  by  some  other 
simple  mechanical  contrivance,  the  nature  of  which  will 
depend  upon  the  size  and  situation  of  the  apparatus.** 


Patent  Boiler  Furnace^  by  James  GilbertsoHy  of  Htrtfi 

1828. 


The  title  of  this  patent  expresses  it  to  be  ^'an  improve* 
rncnt  in  the  construction  of  furnaces,  by  which  they  con* 
sumc  their  own  smoke,*'  and  we  doubt  not  that  it  ia  «s 
\^'ell  calculated  for  that  purpose,  as  many  others  which  we 
have  described  ;  (he  novelty  of  its  arrangenientii  arc  how* 
ever  but  slight.  In  most  of  (he  previous  contrivances,  (be 
air  to  burn  tlie  smoke  given  off  from  the  fuel  on  the  grate, 
is  admitted  at  the  back  of  the  lire  from  the  ash-pit,  or  i( 
is  conducted  through  the  bars  of  the  furnace,  which  art* 
made  hollow  for  that  purpose,  as  in  Mr. Chapman**  inven- 
tion, recently  noticed.  Mr.  Gilhert$on*s  plan  is  to  heal  (he 
air  thus  supplied  by  causing  it  to  pass  between  ''  holloa- 
plates,'*  fixed  at  the  sides  of  the  furnace,  and  thence  into 
a  cavity  at  the  back  of  the  fire,  nlicre,  ascending  through ■ 
grating  above,  it  comes  in  contact  with  (he  smoke  and 
causes  it  to  ignite.  The  *'  hollow  plates,**  are  adapted  to 
aTord  a  greater  volume  of  air  than  Mr.  Chapman's  hollow 
bars,  and  the  increased  conducting  surface  to  convey  th« 
heat,  as  well  as  their  more  favourable  position  to  absorb 
(he  heat,  ure  deserving  of  consideration.  The  admisaion  of 
more  air  than  in  necessary  to  suoply  the  required  quantity 
of  oxygen,  being  at(ended  with  loss  of  heat  to  the  tn^ler, 
suitable  valves  or  registers  should  be  provided  to  regoUle 
the  quantity. 
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American  Patent  Furnace  for  getierating  Steam  hij  Atithra* 
cite  Coai^  by  B.  Howell,  Philadelphia,  182S. 

As  anthracite  contains  no  bitnminous  matter,  and  emits 
no  smoke  clurin«^  combustion,  the  rmploymcnt  of  that  roai 
alone  wouUl  completely  obviate  the  nuisance  of  a  sooty 
atmospliere.  Extensive  beds  of  this  mineral  exist  in  various 
parts  of  Great  Britain,  a  nd^  very  conveniently  for  commerce, 
ill  South  Wales.  The  Americans,  from  a  species  of  ne- 
cessity, have  managed  successfully  to  brino;  it  into  use  for 
a  variety  of  purposes,  to  which  it  was  thought  wholly 
inapplicable.  It  is  our  business,  in  (his  plarc^  to  lay  before 
the  reader  an  acroiint  of  Mr.  HowelTs  nppUcation  of  it  to 
the  generation  of  steam,  which  we  derive  iVom  the  specifi- 
cation of  the  patent,  contained  iit  the  ^*  Journal  of  the 
Franklin  Institute." 

The  improvement  claimed,  consists  in  the  form  and 
principle  of  the  interior  of  the  furnace,  and  in  its  being 
a  separate  structure  from  the  boiler,  or  other  body  to  be 
heated,  by  the  means  of  which  the  heat  is  generated  with- 
out bringing  the  fuel  in  contact  with  the  boiler  or  other 
body;  and  in  the  application  of  an  artificial  blast  upon 
nnthracite  coal,  increasing,  in  a  great  degree,  the  intensity 
of  the  heat,  and  giving  it  the  necet^ary  direction  through 
the  communicating  flues  of  the  furnace,  upon  the  bodiej 
to  be  heated. 

The  drawings  exhibit  a  front  elevation,  a  ground  plan, 
and  u  section;  all  upon  a  scale  of  six  feet  to  an  inch. 

The  exterior  shape  and  proportions  may  be  varied  at 
pleasure,  provided  the  principle  of  generating  and  apply- 
ing the  heat  he  retained. 

With  a  furnace  of  this  construction,  anil  a  moderate 
blast,  the  flame  and  the  heat  may  be  carried  to  almost  any 
required  extent  undrr  the  boiler  of  a  steam  engine  or 
other  body,  using  anthracite  coal  as  fuel.  The  blast  may 
be  obtained  by  attaching  a  small  pair  of  tub,  or  other  bel- 
lows, to  the  engine,  and  the  machinery  may  be  put  in  me* 
tion  by  using,  in  the  lirst  place,  a  small  quantity  of  wood. 
Power  enough  being  thus  obtained  to  start  the  bellows, 
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no  more  wood  will  be   required   until   after  Ihe  fire  bai 
been  sutFered  to  go  down,  and  is  to  be  a^uin  rencned. 

The  coal  should  always  be  kept,  while  in  full  opcr4- 
tion,  at  about  the  line  E,  or,  at  least,  so  much  above  ibr 
flue  R,  that  it  may  become  perfectly  ignited  before  it  aiiik^ 
to  that  level.  Attention  to  ihh  ia  important  in  preserving 
a  uniform  temperature. 

The  additional  power  required  to  propel  the  belloir^ 
beyond  that  necessary  for  the  ordinary  work  to  t>e  per- 
formed by  the  ong;ine,  will  be  very  small,  it  is  believeH 
not  more  than  a  single  horse  to  an  engine  of  what  is  called 
forty-horse  power,  or  about  two  and  a  half  per  reut. ;  bat 
should  it  exceed  that  estimate  in  a  triple  proportion,  foJ 
experience  justifies  the  conclusion  that  it  will  nut,  the 
economy  of  room  on  board  of  steam  boats,  where  room  u 
80  valuable,  with  other  advantages  hereafter  nientionetl, 
and  the  saving,  in  all  places,  of  expense  in  fuel,  will  muck 
more  than  compensate  this  disadvantage. 

But  in  addition   to   the  economy  effected  by  Ibe  tniro- 
ductioa  into  general  use  for  this  object,  of  tt  fuel  exivting 
in  inexhaustible  quantities  in  our  country,*  to  the  exclu- 
sion, in   many  situations  at  least,  of  one  daily  becoming 
more  scarce  and  costly,  a  further  and  important  saring  will 
result  ill  the  construction  of  hoilers  adapted  to  thi«  fur* 
nace;  nearly  all   the  space  now   occupied    by   tlic  wood, 
that  is,  the  furnace  part  of  the  boiler,  may  be  dispensed' 
with,  and  in  its  place  be  substituted  a  narrow  flue  for  lbi9 
passage  of  the  heat  under  that  part  of  the  boiler  contain- 
ing the  water.     The  part  that  may  be  dispensed  witit, 
forms  an  expensive  part  of  the  whole,  while  the  furnace 
in  which  the  heat  is  la  be  generated,  being  of  a   less  ex* 
pensive  material,   will  be   much   less  costly.     The  great 
objection    to    the    u^e   of  anthracite  coal,  in  generating 
steam,  arising  tVum    tho    necessity  heretofore   supposed  tu 
exist,  of  bringing  the  fuel  in  actual  contact  with,  or  Dcar 
approach  (o,  tiiv  boiler  along  its  entire  surface,  U,  by  thi^ 
pliin,  entirely  obviated,  as  the  coal  here   is  never  in  con- 
tact with  the  iron,  which,  of  course,  will   be  diucIi  mure 


•   L'liited  Slati'i  o(  Aint-rtcj. 


durable  than  if  constantly  acted   upon  by  tbe  direct  heat 

t  of  the  fuel. 
The  principle  in  the  construction  of  furnaces,  and  the 
gonerafinti  and  application  of  heat  by  moans  of  anthi'uoite 
coal  and  an  artificial  blast,  may  be  applied  with  equal 
advantag;e  to  tbe  manufacture  of  glass,  earthenware,  pot- 
tery, the  burning  of  brick,  and  all  manufactures  admitting 
a  like  application  of  heat. 

The  drawings,  li^.  1,  2,  and  3,  represent  an  elevatiou, 
a  vertical  section,  and  a  ground-plan,  all  upon  a  scale  of 
six  feet  to  an  inch;  and  the  same  letters  refer  to  the  cor- 
responding parts  of  each. 

A  A,  tuyeres  for  introducing  tbe  blast ;  R  B,  line  of  flue 
for  the^iassage  of  Hame  and  heat  under  the  boiler,  or  other 
I       S5.  5  m 
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vessel,  or  body,  to  be  heated;  C  C,  charvjnf^-dooni  for 
coal;  D  D,  cleaning-out  doort,  occasionally  used  » 
draught  dnors;  E,  line  of  upper  surface  of  coal;  F  F, 
grate-bars.  Where  it  i*t  inconvenient  to  use  the^  tke 
bottom  of  the  furnace  luay  be  cloned,  as  the  blast  will  mf* 
ficiently  ignite  the  coal;  and  the  wood  first  used  may  be 
ignited  by  throwing  open  tlie  cleaning-out  doors  at  D  D. 
O  G,  openings  to  promote  draught,  beforo  appUin^  blast. 
These  may  be  omitted,  in  like  manner  with  the  bars. 
The  furnace  should  be  lined  with  Gre-brick,  and 
with  cast-iron  plates,  secured  by  strong  bolts,  screws, 
keys;  and  between  these,  couiuion  brick  luay  be  used.  If 
a  thin  packing,  or  lining  of  sand,  be  also  interpoMd^it  will 
be  found  usetui  in  preventing  injury  from  expansion. 


SECTION  Vlll 


THE  WEIGHT  AND  STRENGTH  OP  MATERIA^JS.  &r. 


The  inaccurate  experiments  and  discordant  results  which 
have  been  published  at  various  limes  on  these  suhjecti, 
by  early  writei*9,  induced  Mr.  John  Rennie,  jun.  to  an* 
dertake  a  series  of  exact  experiments  to  determine,  or 
approximate  as  near  as  possible  to  the  truth;  which  he 
coniniunica*«>d  in  a  paper  to  the  Royal  Society,  io  who«e 
Transactions  it  is  inserted  at  length;  and  belie\ing,  inith 
the  ingenious  author,  that  they  "  will  tend  to  elucidate  a 
subject  which  is  Hkely  to  form  one  of  the  principal 
branches  of  an  cngineer*3  education,  as  he  mu^t  either 
proceed  on  the  principle  of  science,  or  be  directed  by  a 
feeling  of  fitness,  which  is  to  be  acquired  only  by  devoting 
a  life-time  to  the  practice  of  his  art,"  we  hesitate  not  to 

1  this  section  of  the   i 


more  immediately  under  our  observation,  is  so  instrument 
tal  lo  the  progress  of  science,  that  any  approximation  to 
it  deserves  our  Herious  attention.  The  Royal  Society  ap- 
pears to  have  instituted,  at  an  early  period,  some  experi- 
ments on  this  subject,  but  they  have  recorded  little  to  aid 
us.  Emerson,  in  his  Mechanics,  has  laid  down  a  number 
of  rules  and  approximations.  Professor  Robinson  in  his 
excellent  treatise  in  the  Encyclopedia  Britannica^  Banks 
on  the  Power  of  Macliines,  Dr.  Anderson  of  Glasgow, 
Colonel  Beaufoy,  &c.  are  those,  among^st  our  countrymen, 
who  have  given  the  result  of  their  experiments  on  wood 
and  iron.  The  subject,  however,  appears  to  have  excited 
considerable  attention  on  the  Continent.  A  theory  was 
published  in  the  year  163S,  by  Galileo,  on  the  resistance 
of  solids,  and  subsequently  by  many  other  philosopher. 
But,  however  plausible  these  investigations  appeared,  they 
were  more  theoretical  than  practical,  as  will  be  seen  in 
the  sequel.  It  is  only  by  deriving  a  theory  from  careful 
and  well-directed  experiments,  that  practical  results  can 
be  obtained.  It  would  be  useless  to  enumerate  the  la- 
bours of  those  philosophers,  who,  in  following,  or  vary- 
ing from,  the  steps  of  Galileo,  have  merely  tended  to 
obscure  a  subject  respecting  which  they  had  no  data  to 
proceed  upon.  It  is  sulhcieiit  to  enumerate  the  names  of 
those  who,  in  conjunction  with  our  own  countrymen,  have 
added  their  labours  to  the  little  knowledge  we  possess. 
The  experiments  of  BuRbn,  recorded  in  the  Annals  of  (ha 
Academy  of  Sciences,  at  Paris,  in  the  years  l740aLd  1741, 
were  on  a  scale  sufliciently  large  to  justify  every  conclu- 
sion, had  he  not  omitted  to  ascertain  ihe  direct  and  abso- 
lute strength  of  the  timber  employed.  It  however  ap- 
pears from  his  experiments,  that  the  strenglli  of  the 
ligneous  Hbrc  is  nearly  in  proportion  to  the  specific  gra- 
vity. Muschenbroech,  whose  accuracy  (it  is  said)  entitles 
him  to  confidence,  nmde  a  nun»ber  of  experiments  on 
wood  and  iron,  which,  by  being  tried  on  variou:^  specimeim 
of  the  same  materials,  afforded  a  mean  result  considerably 
higher  than  other  previous  authorities.  ExperimenU 
have  also  been   made  by  Mariotte,  Varignon,  Pcrrouet, 
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Ramus,  Roudelet,  Gniithev,  Nauer,  Auhr>f  anil  Ti 
do  Noibock,  lis  also  al  the  EroU  Pohjterkr.'  '   :  tW 

(tirrctinn  of  M.  Prony.  Wiih  audi  autli" 
it  miiflit  be  dceinod  prestimplioii  in  mo,  lo  offer  a  eoomv- 
ntcntion  on  a  subject  which  ha-f  been  previously  Irr*u4 
by  fio  ninny  able  iiu-ii.  But  whoever  has  nccoMS  la 
invpflli^ate  the  priuclple^i  upon  which  any  edifice  M  caa- 
KtriicU'd,  where  the  combination  of  its  partit  arc  aora  Uh 
result  of  uncertain  rnb^  thnn  sound  principle,  «»iU  laaa 
find  how  scanty  t^  our  knowledi^e  on  a  sub|eci  ao  kifUj 
important.  The  deMiio  ot* obtaining  some  approxioMlkia. 
wliich  could  only  be  accomplished  b\  repeated  trials  aa 
the  substances  themselves,  induced  Mr.  lieunie  lo  aaJcff- 
tuke  the  lollnwin;;  experiments. 

'J'he  appur.t(u8  used  for  this  purpose  waa  a  powrrlal 
lever  oflhe  necond  class;  it  consisted  of  a  flat  bar  of  ikr  ■ 
bimt  English  iron,  about  ten  feet  lon^,  one  of  tbe  rttrr- 
niities  being  Curnied  into  u  rule-joint,  by  Hhich  it  mm 
aitnched  to  a  stout  and  short  standard  of  i*rou^i-ir«ni 
that  UBS  bolted  lo  a  massive  bed-plnle  f>f  cast*iruB(  iW 
Itole  in  the  centre  of  the  joint,  and  the  pin  which  fonac^ 
the  fulcrum,  were  accurately  turned,  to  tm  to  bm»v* 
fimnothly  and  fVeely*  The  lever  %va4  accumlely  di««<M 
on  its  lower  edge,  which  was  made  straight  ia  a  lioe  villi 
the  fulcrum.  A  point  or  divii^ioit  aan  aelectcd,  al  Ire 
tncli(^4  from  fhefulcrum.al  wtirrh  plnoe  was  lei  in  a  pircasf 
brtrdened  steel.  The  lever  wiis  balanced  by  a  wei^lil,aMl 
in  thi«  state  it  was  ready  for  operation.  Bui,  in  orrfar  la 
keep  it  as  level  as  po^Nible,  a  hole  wus  drilled  through  a 
projection  on  the  bod-plate*  large  enough  to  udinit  a  «laal 
boll  easily  through  it,  which  again  wb«  prevmlcd  lra« 
turning  in  the  hole  by  niean^  of  a  longur  filling  iaia  a 
corrt'^ponding  groove  in  tli(*  hole.  So  that,  in  order  la 
pre»erte  the  level,  it  wait  only  neccaBary  to  »ki>c  ibeaai, 
to  elevate  or  depress  the  boll,  nrrordiiig  Id  tht  ftW 

specimen.      But   as  an   inequality  of  pie-^-iuri-  lili 

ari-ic,  from  the  nnttire  of  the  iipparatUM,  the  body  lo  b«rt- 
amined  was  placed  botwem  two  piece**  of  ste^l,  the  prr** 
sure    being   ctnnmunicated   through   the    nrdiiuu   af  las 
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pieces  of  Ihick  leather  above  and  below  llie  steel   pieces, 

eqtial    contacl   of  surTaces  was 


v   w 


liirl 


I   means  a    more 


attuiiieil.  The  bcale  was  hung  on  a  loop  of  iron^  touching 
the  lover  in  an  edire  only.  At  first,  a  rope  was  used  for 
the  baliince  wciffht,  which  indicated  a  friction  of  four 
pounds,  but  a  chain  diminished  the  friction  one  half. 
Every  moveable  centre  was  well  oiled.  Of  the  resist- 
ances opposed  to  the  simple  strains  which  may  disturb  the 
quiescent  state  of  a  body,  the  principal  are  the  repulsive 
force,  \vherehy  it  resists  compression,  and  the  force  of 
cohesion,  whereby  it  resis(s  exlen^tion.  On  the  former, 
with  the  exception  uf  the  experiments  of  Gauthey  and 
Rondelel  on  stones,  and  a  few  others  on  soft  substances, 
there  is  scarcely  any  thing  on  record.  In  the  memoir  of 
M.  Lanjrnnge,  on  the  force  of  springs,  published  in  the 
year  17(»0,  the  moment  of  elasticity  is  represented  by  a 
constant  cjuanlity,  witliottt  indioatino-  the  relation  of  Ihij 
value  to  the  size  of  the  spring :  but  in  the  memoir  of  the 
year  1776,  on  the  forms  of  columns,  where  he  considers  a 
body  whose  dimensions  and  thickness  are  variable,  he 
makes  the  moment  of  elasticity  proportional  to  the 
fourth  power  of  the  radius,  in  observing  the  rela- 
tions of  theory  and  practice  to  accord  with  each  other. 
This  was  admitted  by  Fouler,  in  his  D)emoir  of  1780,  in  his 
elaborate  investigation  of  the  forms  of  columns.  Mr.  Cou- 
lomb had  however  shown,  before  that  time,  how  inappli- 
cable all  these  calculations  were  to  columns  under  com- 
mon circumstances.  The  results  of  experiments  have  also 
been  equally  discordant;  since  it  is  deduced  from  those  of 
Reynolds,  (hat  the  powi'r  required  to  crush  a  cubic  quar- 
ter of  an  inch  of  cast-iron  is  448,0(K)  pounds  avoirdupois, 
or  200  tons;  whereas,  by  the  averai^e  of  thirteen  experi- 
ments made  by  Mr.  Rennie,  on  cubes  of  the  same  size,  the 
amount  never  exceeded  103^'2'5'31bs.  not  quite  five  tons. 
This  may  be  seen  by  referring  tu  the  tables.  There  were 
four  kinds  of  iron  used,  viz.  I.  Iroji  taken  from  the  centre 
of  a  large  block,  whose  crystals  were  similar  in  appear- 
ance and  maf^nitude  to  those  evinced  in  the  fracture  of 
what  is  usually  termed  gun-metal.    2.  Iron  taken  from  a 


small  caslin<;,  close  grained,  and  of  a  dull  grey  colont. 
3.  Iron  cn<;t  horizontally,  in  bars  of  jth^^  ofnn  inoh9<|uarf, 
eight  inches  long-.  4.  Iron  cast  vertically,  same  size  as  last. 
These  castings  were  reduced  equally  on  every  side  lo  o«o 
quarter  of  an  inch  square;  thus  removing  the  hard  extcr* 
iial  coal  usually  surroundiu!^  metal  castin^r^.  Thrv  wrrr 
all  subjected  to  a  guage;  the  bars  were  then  presumed  lo 
be  tolerably  uniform.  Tbe  weights  used  were  of  the  be»t 
kind  that  could  he  procured,  and,  as  the  experiment  ad- 
vanced, smaller  weights  were  used. 

As  we  have  not  space  for  detailing  the  particulars  of 
each  experiment,  we  here  add  only  the  average  results  of 
them. 

The  experiments  on  cast-iron  in  cubes  of  Jtb  of  an  inch, 
—speciHc  gravity  7.0J3,  gave  1439 lbs.  avoirdupois,  as  the 
average. 

On  specimeuH  of  the  same  iron,  |  inch  square,  and  i  inch 
loiip;,  the  average  force  required  was  21 10  Ib^. 

Oil  specicneiis  of  the  same  thickness,  but  varying  in 
lenn^th  from  \  inch  to  1  inch,  the  average  result  was 
J7j8lbs. 

On  cubes  of  a  quarter  ofag  inch  of  thetiamc  ntetal,  ga«r 
0773  lbs.  as  the  average  result. 

Oil  j  inch  cubes,  made  from  horizontal  castings  of  4|m> 
cific  gravity  7.1 13,  gave  10, 1 14  lbs,  as  the  average. 

On  i  inch  cuheH,  vertical  castings,  specific  gravil)  7.074, 
the  average  was  1 1,I3G  lbs. 

A  prism,  ha\  iiig  a  logarithmic  curve  for  its  limits,  re- 
bembling  a  column,  it  was  J  of  an  inch  diameter  by  1  inch 
long,  broKe  uith  (i)>o4  llw. 

Tlie  trials  on  prisTiis  of  prisms  of  different  lengllis  ]X| 
horizontal,  irnvc  9A\i  lbs. 

The  saute,  vertical,  e^ave  !W)82  lb«. 

Horizontal  casting-t,  varying  from  j  to  2  inch  x  i,  S^v^ 
an  average  of  B7-)S  lbs. 

Vertical  ditto,  gave  85^X7  lbs- 
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Experiments  on  different  Metals- 

Ixi  cast  copi>er,  crMmblc<l  tvUh 7319 lbs. 

ixk  fiiiF  yelluw  br<iss  reduced  j'^  with  32134  Um.  willi....  1030i 

ixi  wroujfht  co|»(kt ^ :J4i7i 0410 

ixi  lat-t  liii j\  ....    dj2i «6<f 

*Xi  wwtlead | 483 

The  experimeiilH  on  tlie  difTcreiit  iiu*tals  f^Hve  no  satis- 
factory result!).  The  diOiculty  consist!^  in  Hd»ig:nin£  a 
value  to  the  ditlerent  degrees  of  diminution.  When 
compressed  beyond  a  certain  thickness,  the  ret^istance  be- 
comes enormous. 


Experiments  on  the  Suspension  of  Bars* 

The  lever  was  used  as  in  the  former  case,  but  l!ie  metals 
were  held  by  nippers.  They  were  made  of  wrought-iron, 
and  their  ends  ndapted  to  receive  the  bars,  which,  by 
hein»;  tapered  at  both  extremities,  and  increasing  in  dia- 
meter from  the  actual  section,  and  the  jaws  of  the  nippers 
being  confined  by  a  hoop,  confined  both.  The  bars,  which 
were  six  inches  long  and  |  square,  were  thus  fairly  and 
firmly  grasped. 

A  inch  cnat-iron,  linrizoiilal    llGtilbii. 

i  ditto  dillo,  vertual IfilS 

^  ditto  cust. steel,  (previously  tiltefl S39] 

i  ibito  blittor  ftteel,  reduced  per  hammer B322 

^  ditto  shear  »tt>cl, ditto 7977 

i  ditto  Swedish  iron ditto 4504 

i  ditto  Eiiglt!«li  iron    ditto 3i9S 

i  ditto  hard  gun  ntetAl,  mean  or  luo  trinN    2273 

i  ditto  nrought  copper,  reduced  per  hammer....  SUS 

i  ditto  cii»t  copper 1102 

I  ditto  fine  yellow  br.iss 1123 

i  ditto  cast  tin 296 

i  ditto  cast  had 1 14 

Petnarks  on  the  last  Experiments^ 

The  ratio  of  the  repulsion  of  the  horizontal  cast  cubes 
to  the  cohesion  of  horizontal  cast  bars,  is  8.G5  :  1. 
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The  rntio  of  (lie  vcrliral  cast  cubes  to  the  ir<ilw«io<i  of 
llie  ^prlical  cast  l>ar*,  is  ns  9.14  :  I. 

The  average  of  the  bur^,  coiiiparod  with  ibe  cubes,  u  u 
ir.611  :  1. 

The  other  iiielals  decrease  in  strength,  from  raH  vtrrl 
to  cast  lead. 

The  stretching  uf  all  the  wrought  bam  iiulicalrd  beat. 

The  fracture  of  the  cost  burs  wan  alt4*n<ird  with  very 
little  diminution  of  section,  ftcarcoly  sensible. 

The  experiment  made  by  M.  Prony  (who  a»m^  ibai 
\ty  making  a  slischt  incision  with  the  file,  Ibe  rc«i«tai>cr  if 
diminished  one  half,)  wus  tried  un  a  i  inch  bar  of  Kngliii 
iron;  the  result  was 29*20 lb4.  not  a  sixth-part  l«w. 

This  sinc^le  experiment,  however,  does  not  auficinilU 
disprove  the  authority  of  that  able  philosopher,  for  an  ia- 
ciston  ia  but  n  vague  term.  The  incision  I  made  niigkt  b» 
about  the  fortieth  part  of  an  inch. 


Experiuietila  on  ihe  TwUt  of  \  i$uh  Avj. 

To  effect  the  operation  of  Cwi^tinj^  off  a  bar,  awribcr 
apparatus  was  prepared.  It  consisted  of  a  wroo|^l< 
lever,  two  feet  long,  having  an  arched  bend  almul 
sixth  of  a  circle,  of  four  feel  dianr-ter,  of  which  tbe  \t%9f 
represented  Ihe  radius;  the  centre,  round  which  it  noved, 
had  a  square  hole  made  to  receive  the  end  of  Ihe  bar  to 
be  twisted.  The  lever  wan  balanced  a^  before^  and  a 
scale  hung  on  the  arched  head  ;  the  other  end  of  the  bar 
being  fixed  in  a  ttquare  hole  in  a  pii*ce  of  iroa,  awl  ihat 
again  in  a  vice,  li)  thi:i  apparatus.  |  inch  bam  from  ho- 
rlKonial  castings  were  twisted  with  weights  in  the  acaW 
averaging  9 lbs.  15oz.  The  veriicat  caaling*  lock  lOIbb 
10  OS.  as  an  average. 


Oh  d\ff€rettt  Metalit^ 

CmIMmI ^7\\n.   VoLlntbr 

8b«ar  •tcel   17         t 

Bli«lrr  litPcl Id         11 

Kitglikh  irnn,  wroii|;ht 10  V 


VXrEKIMENTS  OS  TIIR  TWIBTING  OF   HAns.        S^iS 

Swedisli  iron,  wrouglil f)lhs.      Soi.  in  llic  scale. 

Hnrd  gun  metal «  it 

Fipr  yellow  brass 4  ]  | 

Copppr,  cast    4  5 

Tin    I  7 

Lead I  0 

On  Twists  of  different  lengths^ 

HORIZONTAL. 

lb*.  01. 

i  by  4  long    7  3  weight  in  scale. 

i  by  i  ditro 8  I 

k  by  1  inch  ditto 8  H 

VERTICAL. 

i  by  i  ditto 10  i 

4  by  J  ditto   8  0 

k  by  1  inch  ditto    8  & 

Horizontal  twists  of  }  inch  bars,  at  six  inches  from  the 
bearing,  took  an  average  of  9  lb.  12  oz.  in  the  scale. 

TwiU  qf  \  inch  square  Bars^  cast  horizimtally. 

t\tt.       )lM.       US> 

^  close  to  the  bearing 3  0  li  ttntl  of  the  bar  hard 

i  ditto    1  18  0  middle  ofllie  bar. 

^  at  10  iiirheti  from  bearing,  lever  in 

themiddTe I  04  0 

On  Twists  of  different  Materials. 

L         These  experiments  were  made  close  to  the  bearini*,  and 
I    the  weights  were  accumulated  in  the  scale  until  the  sub- 

■  stances  were  wrenched  asunder. 

ft  Itw  01. 

■  Ca-^t  steel     19         0  weight  in  seale. 

I  Shear  steel 17         1 

■  glister  steel     16  II 

I  English  iron,  No.  1    10  fi 

H  Swedisli  iron D  8 

I  Hard  gun  metal 5  0 

^^^^  Fine  yellow  brast 4  II 

^^^H  Copper     4-  5 

^^  Tin    1  7 

Lead    I         O 

as.  b  H. 
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Remarks, 

Here   the  strength   of  the   vertical   bara   slHl    pi 
niinales. 

The  average  of  the  two  tnUen  conjointly^  and  coBiparrd 
with  a  Himilar  case  of  I  inch  bam,  gires  the  ratio  as  thr 
cubes,  as  was  anticipated. 

In  the  horizontal  castings  of  different  length*,  ihr  ha- 
lance  is  in  favour  of  the  increased  length^ ;  but  ia  the 
%'ertical  casting**,  it  is  the  reverse.  In  nriiher  in  Ihrrr 
any  apparent  ratio.  In  the  horizontal  caiiting«y  at  as 
inches  from  the  bearing,  there  is  a  visible  incrraaa,  M 
not  so  great  hh  when  close  to  the  bearing. 

Misctllaneous  Experiments  on  the  Crush  of  om^  cubic  mtL 

Elm ltM««.««Mr. 

American  Pine IflKM 

Wtiite  deal    IW 

Englikli  onk,  mean  of  I  wo  IriuU 3M0 

Ditto*  of  five  inches  long,  tUppt^d  with    ttVt 

Eiiglifth  oak,  oF  Tour  inch^^s  long.  ftlip|toil  with  5147' 
A  prism  of  Portland  itone,  Iwo  iDfhet  long    ..       (IQA 

Ditto,  statuary  marble Stli 

Crmig  Ij«ith    

In  the  following  experiments  on  stones,  the 
was  communicated  through  a  kind  of  pyramid,  the  bweaf 
which  rested  on  the  hide  leather,  and  that  on  the  ttfoae.f 
The  lever  pressed  upon  the  apex  of  the  pyramid.  TV 
cubes  were  of  one  and  a  half  inch. 

*  The  experiment*  on  irnnrfr  nrr  rnniidrmlilj  hrlnn  thiiac  aif  lifca 
writers,  nnd  it  appears  singulAr  tlial  the  four-iuch  spcnake*  ifaNiU 
be  stronger  thiin  the  shorter  length.  According  to  R««dcic(ls  rs^* 
riments,  to  cru»h  a  rnhic  inth  of  oak  it  rtMpnrrd  rrom  AOVS  to  4Mi 
|>ound*  uroirdu{)oiB;  of  fir,  from  tHHH)  lo  7<)0U  pounds.  Ia  the  Hwii, 
lli«  pieces  were  compressed  one-third  of  their  lenglli;  km  tlir  lanrr, 
one.half  of  their  lengthi  (Honddet's  I'Art  de  BkUt,  tota.  iv.  ft  CTJ 
Mr.  Kt'itniv  Iihb  not  sl»teii  the  diminnlion  of  lengtJi. 

t  It  cerlfiiiily  »oiiid  hitve  o<cn  preferable  lo  have  placrd  a  hm4 
and  rigid  substance  next  the  alone,  iu  order  lo  accarr  rqaalrff  ^ 
preftsurc 


( 


J 


» 


I 
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Sp«c.  grnv.  Ih«.  av 

Chnlk     1127 

Briirk,  of  a  pale  reil  rolour    8.083  1265 

RtHvntonc,  GloUL-fftUTiihire    .,• 1440 

Red  brii-k,  inenn  of  two  tiiiii!i 8  lOS  1817 

Ycllow-faix'fl    hakeil   llaniniersmitli  parioiirH,  llirce 

tini» SflSl 

Burnt  ditto*  mean  of  t\%o  trials    33i3 

8lourbri«lste,  or  firo-liru  k 3801 

Dfrby  ghl,  a  rpd  friable  saiitlstont'    2  316  7076 

Ditto,  from  aiiothvr  quarry S.t^S  0776 

Killaly  while  ^rei'^tollo,  nut  httatifit<l '. 2,4:23  10204 

Portland    fi  liS  I  Ui84 

Craig  Leitli,  while  TreeMoiie     2.4oi  12346 

Yorkshirp  paviiifr,  wilh  Hit-  ulrata    2.086  12ft56 

Ditto,  ai^niiist  the  Mrata    3.507  12856 

While  Matiinry  marble,  nut  veined     2.760  13632 

Brantley  FmII  KaiKUtone,  near  Leeds  with  the  mrata  2.o0ti  13632 

Ditto,  a;;ut]i»t  tlie  strata     2.506  13632 

Cornish  giAiiite   2.662  IWiia 

Diindet^  KaiiiUtone  or  bresria,  two  kinds   2.530  l-i016 

A  Iwo-incli  cubeof  Portl'Kid    2.i23  11919 

Crai^  Leilh,  with  the  strata 2  1^*3  UoOU 

Devonshire  red  marble,  varief^ated 167 12 

Compact  liineMone 9.584  l73Mi 

Peterhtrad  gfiiiiitf ,  hard  clmur-graitied   I9t}36 

Black  compact  liiuestoiie,  Limerick  8.508  19024 

Purbeck    2.599  SiXilO 

nUik  Brabant  marble 2  (JO 7  ^11712 

Very  hard  freestone    2.52S  v  1264 

White  Italian  veineil  marble    2.726  21783 

Aberdeen  granite,  blue  kind     2.625  2-4650 

N.B,  The  specific  a^ravities  were  tnken  with  n  delicate 
balance,  iDudc  by  Crei^liluti  of  Glusguw,  all  nilh  the  ex- 
ception of  two  specimens,  which  were  by  accident  omitted. 

Retnaiks* 

111  observing  the  resttlts  presented  by  the  preceding 
table,  it  will  be  Heeii  tliat  little  dependence  can  be  placed 
on  the  specilic  gravities  of  stones,  so  far  as  regards  their 
repulsive  powers,  althou<;h  the  increase  is  certainly  ia 
favour  of  their  specific  gravities.  But  there  would  appear 
to  be  some  undefined  law  tu  the  connexion  of  bodic:^,  with 
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M-liich  the  specific  gravity  has  little  to  do.  Thus,  tUlaar^ 
marble  has  a  specific  gravity  above  Aberdeen  grvailr,  %rt 
a  repulsive  power  not  much  above  half  the  latter.  Aj^ub, 
hardness  is  not  altogether  a  characteristic  of  stren^k^i** 
asmuch  as  (he  limestones,  nrhich  yield  readil)  to  tW 
scratch,  have  ne\^*rtheless  a  repulsive  power  approAchiaf 
to  granite  itself. 


< 


Experiments  made  on  the  transveru  Straim  qf  €^st 
the  Ends  loose. 

Bar  of  I  Inchiquare., 13    9  .•  S  0  , 

Ditto  of  I  inch  ilitto 9     9   ..9 

Hair  the  al>ave  bar •  I  4 

Barof  1  inch  Bqnare  through  the  HiagODftl  .«  %    8  ,.  B  (I 

Hair  the  above  bar   ..    |  4 

Barofi  inches  deep,  by  4  inch  thick    9     &  ..  t 

Hair  the  above  bar    , ,.    |  4,, 

Bars  3  inchcft  deep,  by  |  inch  thick 9  I&  ..  tl  B  .. 

Iluirthebar    ..    |  4.. 

Bar  4  inches,  by  i  inch  thick 0     7   . .   *i  S  .. 

Eijuilateral  triangleft,  with  the  anglp*  np  and 

down,  vi>.  with  the  edge  or  angle  up...  fill.*^  5.. 

With  the  angle  down    0     7  ,.  9  B  •• 

Hair  the  flrst  bar ,,.,  ..    |  4,, 

Half  Ihu  Bccond  bur ••.••••••••••«••  ..I  4  •• 

A  A>allier.i-dKrd  bur  was  cmaI,  whofte   dimciii- 

ftiont  wereS  ini-he»dcep  by  8  uidc,  «dga 

op 10    0   ..  1  a  .. 


N.B.  All  these  bars  contained  the  same  area,  tl 
differently  distributed  as  (o  their  forms. 

Experiments  made  on  the  Bar  of  4  inches  deep  by  \ 
ihick^  by  giving  it  different  forms^  the  bearings  at  9  /gti 
8  inches,  as  be/ore,. 


Bar  formed  inti>  n  nemi-ellipftr,  weighed  7tbft.. 

Ditto,  parabolic  on  its  lower  edge «.• 

Ditto  of  i  tncheft  dvcp  by  ^  inch  thivK « 


TRAySTEnSB  STRAIN  OF  BARS. 


829 


I 


Kxperimenfs  on  the  (ransi^erse  strain  of  Bars,  one  etid  made 
fast,  the  weight  being  suspended  at  tlie  other,  at  2  feet 
8  inches  from  tlie  bearing. 

An  inch-square  bar  bore    , £80  lbs. 

A  bar  2  inches  deep  by  i  an  inch  thick 539 

An  inch  bar,  llie  ends  maiJe  fast II73 

The  paradoxical  experiment  of  Emerson  vas  tried, 
which  statc!t,  that  hy  cutting  off  a  portion  of  an  equila- 
teral triangle  (see  page  1 14,  of  Eincrson's  Mechanics,)  the 
bar  is  stronger  than  before;  that  is,  a  part  stronger  than 
the  whole.  The  ends  were  loose,  at  two  feet  eight  inches 
apart,  as  before.  The  edge  from  which  ihc  part  was  in- 
tercepted was  lowermost,  the  weight  was  applied  on  the 
base  above;  it  broke  with  1120  pounds,  whereas,  in  the 
other  case,  it  bore  only  840  pounds. 


Remarks  on  the  transverse  Strain, 

Mr.  Banks  makes  his  bar  from  the  cupola,  when  placed 
on  bearings  three  feet  asunder,  and  the  ends  loose,  to  bear 
864  pound-i. 

All  Mr.  Rennie^s  bars  were  cast  from  the  cupola,  the 
difference  was  therefore  33  pounds,  lie  adopted  a  spa«e 
of  two  feet  eight  inches  asunder,  as  being  more  convenient 
for  his  apparatus.  The  strength  of  the  different  bars,  all 
cases  being  the  same,  approaches  nearly  to  the  theory, 
which  makes  the  coaiparative  values  as  the  breadtfts  wiU* 
iiplied  into  the  squares  of  the  deptlis.  The  halves  of  the 
bars  werff  tried,  merely  to  keep  up  the  analogy  ;  the  bar 
of  four  inches  deep,  however,  falls  short  of  theory  by  36> 
pounds.  It  is  evident  we  cannot  extend  the  system  of 
deepening  the  bur  much  further,  nor  does  the  theory  ex- 
actly maintain  in  the  case  of  the  equilateral  triangle,  by 
243  pounds. 

The  diagonal  position  of  the  square  bar,  is  actually 
worse  than  when  laid  on  its  side,  contrary  to  many  asser- 
tions. 
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Tlic  same  quantity  of  metal  in  the  fealhcr-edf«4  Wr, 
was  not  so  strong  as  in  the  four-inch  bar. 

The  «eini-elltptical  bar  exceeded  the  four-inch  bary  at 
though  taken  out  of  it.     The  parabolic  bar  came  Atftr  it 

Observations  by  various  Authors  on  (he  Strrngth  qf  Mmlf 

rials, 

A  wire  of  jSth  of  an  inch  of  lead,  breaks  with  29]  \\m^ 
of  tin,  with  49}  lbs. ;  of  copper,  with  399] ;  of  br««,  will 
S(>0;  of  silver,  with  370;  of  iron,  uiih  450. —  Pif j  mm, 

A  cylinder,  an  inch  in  diameter,  will  bear,  wbcn  loaM 
to  i  of  its  whole  strens^th,  if  of  fir,  8.8  cwt.;  if  of  ropr 
22cwt.;  if  of  iron,  136  cwt. — Etnerson. 

The  cohesive  strength  of  a  cylinder  of  iron,  an  incli  ia 
diameter,  is  63,4G6  or  G:%173  pounds,  the  tnvn  03,99 
pounds,  which  is  2S  tons,  r>cwt.  I  qr.  1*2  lbs. —  Rum^ford, 

Theconiparati\e  cohesive  strength  ofji^old,  i**  as  l50i^U; 
of  silver,  190,771 ;  of  plalina,  2C2,:}6I ;  of  copper,  3&I,6M; 
of  soft  iron,  362,!>27;  of  hard  iron,  ^^,8W Sicktmgnu 

The  hardness  uf  metals  follows  this  order, — iron,  pla- 
tina,  copper,  silver,  gold,  tin,  lead. —  CmniUo, 

In  general,  iron  h  about  four  times  as  strong  «a  oak, 
and  six  times  as  slr*>np^  as  deal. —  Banks. 

Wood  i^  fruui  7  to  20  times  weaker  IraQsvcmrly  tbia 
longitudinally.     It  becomes  stronger  both  wavR  when  dry. 

A  piece  of  sound  oak,  an  inch  square,  bears  8000  pounch 
directly,  and  is  broken  transversely  by  900,  at  Ibv  distaaov 
of  19  inches  from  the  fulcrum. — Kobison. 

The  immediate  transverse  streni^th  of  lateral  adbeiiaa 
of  most  sul>stances  exceeds  their  direct  coheiiive  slrmglk, 
but  the  ditTerence  is  less  in  fibrous  substances  tluiB  in 
others. —  ffobison. 

The  strongest  form  of  a  substance  included  by  born 
zonlal  surfaces,  for  supporting  a  weight  at  itfi  extmMt|, 
is  that  of  a  triangle.  The  same  furo)  in  also  the  %ii9tatL^- 
Ktnerson. 

For  supporting  a  weight  distributed  uniformly  tbrongb* 
out  il»  length,  the  form  must  be  that  of  a  parabola.— 
iltutrson. 
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A  triangular  prism  fixed  nt  one  end,  with  its  edge  up- 
permost, is  weaker  than  if  its  depth  were  reduced  to  eight- 
ninths,  by  culling  away  the  edge. — Emerson, 

If  a  piece  bo  sliced  in  a  divided  beam,  equal  in  depth 
to  half  the  depth  of  the  beam,  the  strength  is  greater  than 
(hat  of  the  entire  beam,  in  the  ratio  of  1  to  1.054,  very 
nearly. — Jiobison. 

A  mortise-hole  should  be  taken  out  of  the  middle  of 
a  beam,  not  from  one  side;  but  if  it  be  on  the  concave 
f«ide,  and  tilted  tip  with  hard  wood,  it  does  not  diminish 
the  strength. — Emerson, 

If  a  cylinder  h  to  be  supported  at  two  points  with  the 
least  strain,  the  distance  between  the  points  should  be 
.5858  of  the  length.  — Am^r^OH. 

A  soft  iron  baPj  a  spring  tempered,  and  a  hard  one,  were 
bent  to  equal  nngles  by  (ive  pounds;  wilh  six,  the  hurtt 
bar  broke;  \v\lh  seven,  ibc  soft  one  bent,  but  returiu'd  as 
far  from  its  new  position,  upon  the  removal  of  the  weight, 
as  if  it  had  not  been  hcnt.  The  clastic  bar  was  broken  by 
18  pounds. —  Coulumb. 

Weight  of  one  Foot  in  length  of  flat  Bar-iron, 
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Weight  of  one  Foot  in  length  of  Wrought-iron. 
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Weight  of  Cast-iron  Plates  per  foot  superficial,  of  the  fol- 
lowing thicknesses. 
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Weight  of  Sheet  Lead  per  foot  superficial^  of  the  following 
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FXA8TIC.PORCK  OF  STEAM  AT  HIGH  TEMPKRATURE8. 

We  Kave  given,  at  page  357,  a  table  of  the  elastic  force 
of  steam  ui>  to  six  atmospheres;  when  this  was  ptiblished, 
no  series  of  experiments  at  higher  elasticities  were  pub- 
licly made  known,  and  probably  bad  never  been  made, 
with  tbe  requisite  attention  to  accuracy,  or  to  any  ^reat 
extent,  upon  a  uniform  system;  but  we  are  bappy  to  add 
ibal,  since  that  period,  a  committee,  appointed  by  the  Aca- 
demy of  Sciences  at  Paris,  bas  been  engaged  in  experi- 
ments to  determine  tbe  elastic  force  of  vapour  at  higb 
pressures:  the  labours  of  which  have  principally  devolved 
upon  MM.  Dulong  and  Arago.  The  re<tulls  have  been 
obtained  experimcutally  up  to  S5  atmospheres,  and  ex- 
tended to  50  by  calculations.  That  no  error  dependant 
upon  the  use  of  valves  should  interfere,  it  was  resolved 
to  estimate  the  force  exerted,  by  the  columns  of  mercury 
.•sustained.  A  glass  tube  was  therefore  prepared  by  MM. 
Thibaudeau  and  Bontemps,  consisting  of  13  pieces,  2  me- 
tres (78.74  inches)  each  in  length,  5  millimetres  (0.2  of  an 
inch)  in  diameter,  and  the  same  in  thickness.  Flach  piece 
was  sustained  by  counterpoises,  so  that  (he  tower  should 
not  be  cruslied  by  the  iipp^,  and  the  u hole  was  erected 


im 
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in    a   sipiurc    toner,   wliich    U    the   only  rcmuia^  of  ilw 
ancient  church  of  St.  Genevieve. 

Fearing  that  if  the  steam  from  a  boiler  were  made  to 


ihU  lobe 


act  directly  upon  sucii  a  coiunin  oi  mercuri 
would  sustain,  it  might,  from  intermission  of  its  force^ 
occasionally  produce  Hiich  sudden  agitation  in  the  metil 
as  to  endanger  the  safety  of  the  whole,  it  was  resolved  to 
form  a  kind  of  mannnietpr.  in  which  the  compression  of  & 
given  volume  of  air  should  be  ascertained,  first,  by  ibr 
column  of  mercurvt  and  afterwards  used  as  a  nteuxurcrof 
the  elasltclty  of  vaf.our  at  various  temperatures.  In  tbii 
way  the  eslimntlons  would  be  as  accurate  as  if  made 
directly  by  the  column  of  mercury.  The  preparation  of 
this  instrument  ^avc  an  opportunity  of  examining  ibe  law 
of  Maiiotti,  namely,  that  all  gases  are  compiessted  in  vo- 
lume in  proportion  to  the  energy  of  the  compressing  force. 
Boyle  and  Muscheiibroek  thought  they  aav,  errors  in  ibts 
law,  even  when  the  force  was  not  atiove  four  atmtispheres. 
Robinson  and  Sulzer  carried  the  force  lo  eight  atmav 
phcrcjj,  and  agreed  in  giving  the  same  departure  from  the 
law;  namely,  that  when  cun)pressed  eiijht  tiuiei?,  in<^tead  of 
exerting  n  force  eight  times  that  of  the  cnntmon  air, it 
was  only  six  times  greater.  Oersted,  on  the  contnrv* 
found  the  law  true  to  eight  atmospheres:  but  bis  nindr  of 
experimenting  is  not  satisfactory  to  the  French  commis- 
sioners, Ihuiigh  the  results  were  correct. 

In  the  preparation  of  the  manometer,  the  experiments 
were  carried  tu  27  almo^^pheres,  and  the  law  found  lo  be 
correct.  It  was  intended  to  a-tcertain  if  it  held  ^ood  wifh 
otl.er  gases  Ihau  air,  but  the  authorities  forbade  the  nse 
of'  (he  old  church  tower  for  this  purpose. 

There  appears  to  have  been  much  fear  about  Meam  at 
the  pressure  of  24  or  25  atmospheres;  and,  lest  the  boiler 
should  explode^  and  blow  up  the  old  vaults,  and  even  de- 
stroy neighbouring-  buildings,  it  was  determined  to  have 
it  in  the  court-yiird  of  the  observatory,  and  make  the  ex- 
periments th<re.  Ultimately,  therefore,  the  inunometer 
was  transferred,  though  with  great  difficulty,  and  finnlly 
placed  in  proper  communicatjon  with  the  boiler. 
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Some  imporlant  precautions  were  now  taken  to  ascer- 
tain the  temperature  accurately.  The  Hrst  was  to  take 
account  of  the  cooling  effect  of  the  air  on  that  part  of  the 
thermometer  exterior  to  (he  boiler;  this  was  done  by  re- 
taining it  constantly  at  the  same  teniper«iture.  The  next 
wai3  to  prevent  alteration  in  the  capacity  of  the  bulb,  by 
allowing  the  vapour  to  press  upon  it.  This  was  effected 
l)y  putting  the  thermometers  into  ^un-l»arrels,  made  thin, 
closed  al  one  extremity,  and  filled  with  mercury;  these, 
when  litted  to  the  boiler,  were  made  tn  descend,  one  to 
the  bottom  of  the  boiler  nearly,  lo  give  ihe  temperature 
of  the  wafer:  the  other  lo. within  a  few  inches  of  the 
water,  to  give  the  ten»pernlurc  ofihp  vapour. 

The  tempt-rnturc  and  pre^-nure  were  then  experimen- 
tally ascertained  up  to  24  atmospheres:  after  which,  for- 
mula was  ftought  for,  bv  which  they  could  be  extended  to 
higher  pressures,  and  the  followinsr  one  adopted; 

t'  =  (1+0.7153  0 
c  bein*:^  the  elasticity  ;  t  the  excess  of  temperature  above 
100*  C,  taking  for  unity  lOO**  of  the  centigrade  thermo- 
uieter.  This  formula  nearly  represents  the  results  givea 
by  experiment  up  to  24  atmospheres;  the  greatest  error 
has  been  at  eight  atmospheres,  and  \»as  then  0.9  of  a  de- 
gree. It  was  more  accurate  for  the  hii^her  pressures, 
being  calculated  from  them,  and  the  commissianers  have 
no.doubt  that,  at  50  atmospheresj  the  error  is  not  more 
than  0.1  i>f  a  degree. 
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The  members  of  the  committee  remark,  ibat  Ihry  rmiid 
find  only  one  English  table  of  the  force  of  hi|;h-prrft»isTt 
vapour;  it  had  been  i^rivea  to  M.  Clement  by  Mr.  Prrkms 
but  it  was  found  sadly  erroneous;  for  instance,  at  xht 
temperature  of  215°  C,  or  410°  F,  the  force  in  it  w  ic^Tt*  ■ 
as  35  atmospheric,  whereas  it  is  really  only  20,  or  little 
more  than  one  half.  In  Germany,  a  table  has  bero  coo* 
strucled  by  M.  Arzberger,  of  Vienna,  which  riaat  lo  ^ 
atmospheres,  and  is  much  nearer  the  truth  than  Mr.  Per- 
kins'. It  is  about  three  atmospheres  wrong  at  Ihr  hi^katf 
pressure. — Bib.  Univ.  xlii.  p,338.—  BulL  Vmiv.  A.  niLWt. 


MECHANICAL  POWERS 


Power  is  compounded  of  the  weight  or  ex^mnMTs 
of  a  mo%ing  body  multiplied  into  iu  velocity. 

The  power  of  a  body  which  weighs  40  lbs.   and  ■«*«< 
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with  the  velocity  of  50  feet  in  a  second,  is  the  same  as  that 
Qt*  another  hocly  which  weighs  80  lbs.  aad  moves  with  the 
velocity  of  25  feel  in  a  second;   for  the  products  of  the 
respective  weights  and  velocities  are  the  same. 
40x50=2nOO;  and  80x25=2000. 

Power  is  obtained  from  animal  exertion;  from  the  im- 
pulsive and  gravitating  properties  of  tluids,  and  from  the 
expansive  and  contractile  properties  of  steam  and  the 
gases. 

The  following  table  (extracted  from  Tredgold's  excel- 
lent work  on  Rail-roads,)  affords  information  of  great 
practical  utility  in  estimating  the  average  labour  of 
horses. 

Table  skewing  the  maxintum  quantity  of  Labour  (hat  a  Horse 
of  average  strength  is  capable  of  performing^  at  different 
velocities,  in  Cattalsj  Railivays,  and  Turnpike  Roads, 


▼olocitj  In 
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In  stating  the  power  of  steam  engines,  it  is  usual  to  say 
the  number  of  horses*  power  it  exerts,  each  horse-power 
being  estimated  as  equivalent  to  raising  33,000  lbs.  one 
foot  high  per  minute:  at  pages  455  and  464,  rules  and  ex- 
amples are  given  for  making  such  calculations. 

As  the  strength  of  men,  a9  well  as  horses,  vary  consi- 
derably, it  is  necessary  to  take  the  average  strength  in 
making  calculations.      With  respect  to  the  strength  of 
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men,  ^ve  do  not  know  of  a  better  authority  than  Dr.  De- 
Hagulient,  who  p^^d  a  ^rcat  deal  of  attention  to  the  subject, 
and  made  numerous  experiments  thereon.  The  doctor 
states,  that 

A  man  of  ordinary  strength  can  turn  a  winch  milk  a 
force  of  30  pounds,  and  with  a  velocity  of  3|  feet  in  t 
Becond,  for  10  hours  a  day; — and  that 

Two  men  working  at  a  windlass,  with  handles  at  ei^i 
angles,  can  raise  70  lbs.  more  easily  than  one  luao  can 
raise  30  lbs. 

A  horse  can  in  general  carry  no  more  up  a  »teep  hilt 
than  three  men  can  carry,  that  is  from  450  lbs.  to  760 Ihi.; 
but  a  strong  horse  can  draw  9000  lbs.  up  a  steep  bill 
which  is  but  short.  The  worst  way  of  applying  the  forcp 
of  a  horse  is  to  make  him  carry  or  draw  up  hill;  fur  if  the 
bill  be  steep,  three  men  will  do  more  than  a  horse,  each 
man  cliitibing  up  faster  with  a  burthen  of  100  lbs.  weight- 
<huu  u  horse  that  itj  loaded  with  300  lbs. ;  a  dlfferencp 
which  is  owing  to  the  parts  of  ihe  human  body  being  bet- 
ter adapted  (o  climb  than  those  of  a  horse. 

On  the  other  hand,  the  best  way  of  applying  the  forc« 
of  a  horse  is  in  a  horizontal  direction,  wherein  a  man  c«n 
exert  least  (V»rce;  thus,  a  man  weighing  140  jbs.  and  dnw- 
ing  a  }>o:il  along,  by  means  of  a  rope  coming  over  bit 
shoulders,  cannot  draw  above  97n>s.,  or  exert  above  one 
seventh  pait  of  the  force  of  a  horse  emplo\ed  forihe  samr 
purpose. 

The  very  best  and  most  eflTeclual  po-sturo  in  a  man 
(hat  of  rowing;  wherein  he  not  only  acts  with  more  m 
cles  at  once  for  overcoming  the  resistance,  than  io  in\ 
other  positicin,  but,  as  he  pulls  backwards,  the  weight  of 
his  body  assists  by  way  of  lever. 

The  diameter  of  a  walk  for  a  horse-mill,  ougbl  to  heat 
least  25  or  3a  feet. 

Power  cannot  be  increased  by  any  Mechanical  ^.-uLns, 

It  is  applied  to  mechanical  purposes  by  the  lever,  wheel 
and  axle,   pulley,   inclined  plane,  wedge,  and  the  screw. 
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triiich  are  (he  simple  elements  of  all  machine?.  The  whole 
theory  of  these  simple  elements  consi^^ls  in  causinij^  the 
weight  u'hich  is  to  be  raised,  to  pass  through  a  greater  or 
less  space  tlian  the  power  which  raises  it;  for  as  power  i*« 
compounded  of  the  weight  or  mass  of  a  moving  body  mul- 
tiplied into  its  velocity,  a  weis^ht  passing  through  a  cer- 
tain space  may  be  made  to  raise,  through  a  less  space,  a 
weight  heavier  than  itself. 

We  shall  here  add,  for  the  convenient  reference  of  me- 
chanics, a  few  rules  and  examples  for  the  application  of 
the  before-mentioned  elements  of  all  machinery,  as  tho 
same  rules  will  hold  good,  whether  the  power  be  derived 
from  manual  labour,  from  steam,  or  any  other  acting 
force;  first,  as  respects  the 


LEVBR. 

Case  1.  When  lh«  fulcruin  of  tlie  lever  Ubetween  (h«  power  «Dd  llic  wcifht» 
obiene  ihift 

Rule.  Divide  the  weight  lo  be  raised  by  the  power  to 
be  applied;  the  quotient  will  give  the  difference  of  lever- 
age necessary  to  support  the  weight  in  equilibrio.  Hence 
a  small  addition,  either  of  leverage  or  weight,  will  cause 
the  power  to  preponderate. 

E-rmmpte  I.  A  ball  weighing  three  tonn  U  lo  be  raited  b^  fonr  mcn«  nbo  ran 

«xert  a  f<iice  of  IScnt.  i   required  the  propoilittnnte  length  nf  lever} 

60 
3  lon»«^CO  cwl.  I   and  -r^=5* 

In  thifi  example,  the  proporiiiHiale  Irnglhs  nf  the  lever  to  maintain  the 
weight  in  equllibrtn,  are  bh  5  to  I.  If.  therefore,  an  ndriitinrial  jvint-d  Ije 
addi-d  to  the  poncr,  tlic  power  nid^  of  itte  lever  witi  itrupondornie,  and  ili«* 
weight  will  be  raised.  But  aliliough  the  ball  is  rni«ed  by  a  force  ofitnlv  (inc. 
6fth  of  its  Height,  no  power  in  gained,  for  the  weight  paMtes  (hroucit  une-Afilt 
of  the  fpace.  The  prodnctft.  Ihcrefttre,  ari^^ing  frum  the  tnultiplicaiion  of  \hf 
rMp«clfvc  weighlfi  and  velociiief  are  the  oame. 

Bxmmple^.  A  weight  of  nne  ton  b  to  be  raised  wiiba  lever  eight  feel  In 
length,  bv  a  man  who  can  exert,  for  a  short  time,  a  force  of  railnT  more  than 
4rirr,  ;  required  al  what  part  of  the  lever  the  fulcrum  uitisl  he  placed) 

SOewf  8 

'r=5<  that  is,  the  weight  ii  in  the  power  ■■  5  to  I  {  tbt^rt-fure.  = 

4cwt.  o-f-l 

I  fool  and  a  third  from  the  weight. 

Exmmylt  S.   A  weight  of  80lbt.    i^  placed   al    1  fool  frum  the  fulcrum  iif  m, 

levers  required  tbe  power  lo  rajte  the  latne,  when  ih*?  length  of  th«  Icfer  OB 

ilie  other  »ide  of  the  Nlcrum  («  d  fpt"!  ^ 

80x1      ,.,.  _ 

— - — 1=  1 6  Ins. — nntwer. 
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Case  S.   When  the  fulcrum  is  at  oac  cilrcnUv  of   ibe  letrriit4lW 
HI  llur  t>lhor. 

Rule,  As  the  distance  between  the  power  and  iho 
ueight  i»  to  the  distance  between  the  weight  and  ihe  ful* 
crum,  so  is  Ihe  effect  to  the  power. 

Example.  Required  ihe   (Toner   nece«sftry  tn  raise  120  lb«.  «ih<^n  ibe  v^ifU 
is  |ilAC«d  6  feet  fruui  lli«  puMrrr,  nnd  S  feel  from  ttte  fulcrum  ? 
As  6  :  2  : :  120  :  40 — aiiHwer. 

CxiE  S.   When  ihc  weif;h(  la  be  rai»ed  is  at  nne  onil  of  ibe  trier,  (befalcna 
at  Ihe  other,  and  the  weight  is  applied  beiwean  ihem. 

Rule,  As  the  distance  between   the   power  and  the  TqI- 

crtini  13  to  the  length  of  the  lever,  so  is  the  weight  to  Iht* 

power. 

Exmmple.  The  length  of  a  lever  being  8  feet,  and  tba  weight  at  iueiireMl* 

60  Ib^.;  required  the  powur  to  be  applied  6  feet  from  the  fulcrum  lu  nh»  it} 
As  6  :  8  : :  60  ]  80 — aa^wer. 

Any  other  esample  may  bu  computed  hy  levertiog  any  of  the  fiKegeiag 
operationi. 


WHEEL  AND  AXLE. 

Rule.  As  the  radius  of  the  wheel  is  to  the  radius  of 
a3Ele,  so  is  the  effect  to  the  power. 

Example,  A  weight  of  AOIbs.  is  exerted  on  the  periphery  of  a  nlieel 
rniliiis  is  10  feet  |  required  the  wright  raised  at  the  eitretniiy  of  a  cord  «a«iid 
round  the  nile,  the  radiui  being  20  inches. 
AOIbi.   y   10  feet  X   IS  inches 


H 


20  inches 


=^300  Ibi.— onawer. 


PULLEV. 


m 


Rule.  Divide  the  weight  to  be  raised  by  twice  (he  num- 
hcv  of  pulleys,  the  quotient  will  give  the  power  necessary 
10  raise  the  weight. 

Example.  Whjit  power  is  required  to  raise  000 Ibt.  wheD   two  blockkiCart 

conlniinng  ilirec  pulle^^s,  are  applied  } 
600 


6X« 


=^50  lbs. — answer. 


NCL1NED   PLANE. 


Rule.   As  the  length  of  the  plane  is  to  the  height,  no  U 
the  weight  to  the  power. 
Example.  Required  the   power  neceiMry  to  raiM  540  lbs.  iip  ait  laeUitd 


plane,  five  feet  long  and  two  feet  high  ? 

Ai5:9::S40.  216 Ibi.- 


i 
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WEDGB. 

Casf  I.  When  two  bodici ire  forced  from  one  anoiber  by  means  of  a  wedge, 
ki  a  directiuH  pnrallvl  lu  iu  back. 

Rule,  As  (he  leng^th  of  the  wedge  is  lo  half  its  back  or 
head,  so  is  llie  resistance  to  the  power. 

Bsample.  The  breidih  nf  the  bnck  or  head  of  die  wedge  being  $  inclten,  nnd 
llie  length  ufeiilicr  (if  its  iiicMui'd  »ldv»  10  incUes,  loqiiited  ibe  iiuwer  netett. 
mmry  lo  wparale  two  HiibKtoiire^  h  iih  u  Torre  of  150  Ibn. 

As  10  :  1|  : :  JfiO  t  H^  lbs.— aniiwer. 

CAf  c  S.   WiMn  only  one  of  the  bndiei  h  moveable. 

Rule,  A»  (he  length  of  the  wedg;e  is  to  its  back  or  bead, 
so  is  the  resistance  to  the  power. 

ExampU,  The  broadih,  len|ih,  and  force,  the  tame  as  in  the  lasl  eEamplv. 
Aa  10  :  3  : :  150  :  45  lbs. — answer. 


I 
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SCREW. 

The  screw  is  a  cord  wound  in  a  npiral  direcrion  ronnd  the  per!|)bery  nf  a 
cylinder,  and  Is  therefore  an  inclined  plane,  the  length  being  (he  clrcbiii- 
fvrence  of  ilio  cylinder,  and  the  height  the  diBtance  between  inn  cnn>eculi«e 
cordfor  threads  of  the  ftcrcn-.  Ilentre  the  nearer  ibo  spirals  are  lu  one  another, 
ao  much  the  greater  is  the  furce  uf  ibc  acrcw. 

Rule.  As  the  circumference  of  the  screw  is  to  the  dis- 
tance between  the  threads,  so  is  the  weight  to  the  power. 

Exmrnph.  The  circumference  of  n  screw  bein^  S  iucheo,  and  jls  pilch^  or  di«* 
taoce  between  ihe  thread<4,  aue  inch,  required  the  poMcr  tu  raise  640lbii.  f 

As  8  i  1  t :  648  t  81bs. — nn^ner. 

When  a  winch  or  lever  is  applied  to  turn  the  screw,  tliv  power  of  the  screw 
is  as  n  circle  described  by  the  handle  of  tlie  wUich,  or  lever,  (o  ibe  iolerval  or 
distance  between  ibe  spirals. 


P 


FRICTION, 


In  Ihe  preceding  inquirieH,  it  has  been  assumed  that  the 
mechanical  powers  are  without  weight  and  friction  ;  this 
is,  however,  well  known  not  to  be  the  case,  and  that  a 
considerable  allowance  must  be  made  for  them,  in  all  cal- 
culations. To  enter  into  an  investigation  on  the  nature 
and  extent  of  friction,  under  the  numerous  and  vnried  cir- 
cumstances  in  which  it  occurs,  is  unsutted  to  the  main  ob- 
ject of  this  work ;  we  shall  therefore  simply  observe,  in  this 
place,  that  the  amount  of  friction   in   most  machines  may 
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W  werms!^  At  ott^-eie:fct^  of  the  power  applied ;  and  it  is 
^acviS  nccfs^a;^  to  add,  tkmt.  $he  more  simple  a  machioc  is 
■nii&£CrBc3<id.  iW  kss  vUl  be  tbe  IHcUoa ;  and  iKai  macki- 
WV7  son  W  sade  so  covpSex,  as  to  be  rendered  aselen 
%v  Ar  t^—miiji  atf'lnctioa  tbereby  generated. 


CENTRAL  FORCES. 

A-C  Wcaei>  Mio^iay  ra— d  a  central  point  have  a  ten- 

dums%  «•  2^  «ff  ia  a  f<iau;kt  line ;  tkh  tendency  b  called 

^g  jMCfyayrf j^  u    It  k  opposed  to  tbe  oai/r^|ie/a//ortc, 

4ir  3^u  fia««r  vbic^  ■aintaint    tbe  body  in    its  cuiri- 

TW  iMnirif^ai  farce  of  a  body,  Moving  with  differeat 
Y^jitnm^  IE  3ke-  fajnr  carrle.  i$  proportional  to  the  square 
•^^tt  ivrWvrJTK,  <ir  lo  iW  $^«are  of  tbe  nnmber  of  revola- 
7wa^  yeaaiMimfd  in  a  siTcn  tiae.  Tbas  tbe  centrifu^ 
Mv*  4C  A  3»M%  itiag  4i  iwolatioiks  per  minote.  i^  foar 
TinK^  a«^  xvw  a^  «be  centiifngal  force  of  the  same  bodr, 
«lMtt  wiaitiiifftg  Sl^  re««latMtt$  per  minate. 

JBuik  6.  Dki  jof  ;W  iclccii^  ia  feet,  per  second,  by  4.01, 
iTii:  :W  Tttcvirv  t€  -W  cT.vw-st  by  tbe  diameter  of  ibe 
c.-v-t*:  tJe  x^TWCJ*irT  s  ibe-  c<^r-trifa*al  force  when  tbe 
♦^y:^  rC  :W  SftJA  rs  '-  lichee  the  quotient,  multiplied 
J*  .."W  '•■j'X^'-  .'»'f  :i*f  :-."C^-  i>  i-e  ccoirifa^al  force. 

.»*"»fi!f  X-  Hi  :  ,•'»  'iw  5*q*»recf  tbe  namberof  tbe  re%o* 
L4  -j.-iis  ;  t  a  iw-4  at*  by  iW  diameter  of  tbe  circle  ia  fret, 
4  ta  ^  «  «M>  tW  irrvawct  b«  tbe  c««e$taBt  anmber  SStOi  tbe 
H  I'.^as'T?  »  i'^i-  c^ntrtfiaarai  Smc*  vbea  tbe  weight  of  tbe 
V.-<a\  ^  :.  IWff<^«  ae$  w  tbe  fer^t  rale,  ibe  qaotieat  mal- 
t  .^  •(^£  ^«  "W  ««^bt  «<  tbe  b«d^  t$  ibe  ceatrifa^  forte. 
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According  to  Lavoisier,  equal  heats  are  produced  by 
403  lbs.  of  coke,  000  Ib^.  of  pit-coal,  GOOIbs.  of  charcoal, 
and  10891b*;,  of  oak  wood. 

IMr.  Pec^ston,  uho  Las  had  much  experience  in  operat* 
inc^  upon  fuel  on  an  extensive  scale,  observes,  that  "  the 
heat  produced  from  coke  h  more  intense  than  that  afforded 
by  coal,  and  is  much  more  uniform.  That  it  should  be  so, 
i«  very  easily  accounted  for;  we  know  that  when  coal  is 
submitted  to  tlie  process  of  combustion,  a  considerable 
portion  of  it  is  chanj^ed  l\om  a  state  of  solidity  to  that  of 
an  elastic  fluidity,  necessarily  carryins^  oS*  part  of  the 
caloric,  without  producina;  heat;  whilst  coke,  having  no 
demand  of  this  kind,  allows  its  heating  power  (o  remuui 
unimpaired.  When  the  heating  powers  of  coal  and  coke 
are  compared,  it  will  be  found,  that  for  heating  equal 
quantities  of  water  to  equal  temperatures,  in  vessels  of 
like  magnitude,  where  801bs.  of  coal  would  be  required, 
the  same  miglit  be  performed  with  SOlbn.  of  coke  ;  conse- 
quently the  proportion-;  will  l>e  as  3  to  H/* 

With  a  view  to  economise  the  cost  of  fuel,  a  great  va- 
riety of  mixtnres  have  been  at  various  times  proposed, 
and  several  patents  have  been  taken  out  wilh  that  object, 
though  with  liule  clnim  to  orii;innlity.  By  the  list  of 
patents  at  the  end  of  (his  work,  it  will  be  seen  (hat 
Mr.  Dcvey  had  two  patents  for  artiticial  substitutes  for 
ordinary  coal ;  and  we  here  annex  n  brief  notice  of  two 
other  patents  more  recently  granted. 

Messrs.  Christie  and  Harper^s  patent  (1824),  is  simply 
for  niixins;  culm  and  stone-coal,  or  anthracite,  with  bitu- 
minous cohI.  in  any  convenient  proporlion{!),  which  will 
depend  upon  the  peculiar  properties  of  the  said  coals,  (as 
thev  \arv  much  in  their  original  slate,)  and  the  nature  of 
ihf*  heat  required;  but  for  steam  engines,  where  the  bars 
of  the  furnace  are  half  an  inch  npart,  the  patentees  assure 
us  thai  one-fourth  of  (he  bituminoiH  answers  well  for  in- 
vigorating the  remaining  ihrce-fuurths  of  anthracite. 
Now,  ullhough  we  cannot  say  niucli  in  honour  of  (he  tUs* 
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covery^  we  make  no  doubt  that  a  considrrvblo  adraaUf* 
vill  l>t*  fuiind  ill  using  tiuch  a  mixture*,  wlirrf  anlhrmdlv 
can  be  hiu!  at  a  price  not  rxcrcdin^  (lint  of  Ihc  NewractU 
coal,  as  the  latter,  though  rich  in  bitumen,  eontaici*  b«l 
little  more  than  half  a^  much  carbon  a-s  the  antbrmrice. 
—  (See  furnace  for  burninsr  unlhracite,  at  page  815). 

Suiiderland'8  patent  fuel  (1893),  is  a  cumliinaticNi  m( 
g[is-(ar,  clay,  and  refuse  woody  mutter,  in  variou*  proper* 
tions.  One  part  of  each  of  the  two  foruRT,  nith  two  part* 
of  either  saw*dust,  tanners*spent-b;irk,  djem*  rc-ruM*  woo^ 
peat,  Sic  burn  extremely  well.  If  equal  part<  of  the  tar, 
clay,  and  saw-dust  be  employed,  they  make  a  coiiipo»itioa 
Mhich  burns  vividly,  and  with  a  brilliant  Hamc.  Tbe 
nialerinls  are  directed  to  be  thoroughly  mixed,  niadr  an 
into  lump-4,  and  dried,  either  artificially  or  in  the 
air,  preparatory  to  their  being  used  as  fuel. 

Sir  Willinm  Cofi^reve  proposed  to  nmkc  the  burnif 
of  calcareou!*  earths  (to  make  quicklime)  auxiliary  I u  coal 
in  the  production  of  Hteam.  In  Partington^  dencriplioa 
of  the  steam  engine,  at  page  1G9,  we  6nd  the  foltoviaf 
notice  of  this  proposition. 


**  Thr  futloMinic  i»  (he  lubslanre  of  ■  »cric«  uf  raprrimci)i«  and  ralc«l 
tOAile  in  ihn  roynl  iBboriKorjr  a(  \VtH>lwlrh,  whicb  wprvf*  lo  thai*  i 
TaniRfeH  adendunt  nn  i)ic  atlupiiun  uf  iliU  invibod. 

'*Thirtv  gMllini*  nf  Miliar  wi-rp  fva^iraivd  hi  Mvvn  boun  b> 
ttf  cool,  Maij^iing  ii  pouiid<i,  rttli  luin^  at  ih#  aantf  fim«  1^  l»ti«ar>(  tif  Iteb 
Thiriv-fotir  gallons  of  w«i«*r  wvr«  afK^rwards  ^%«poni(e<l  in  ib«  mmm  um* 
whh.iui  burning  (he  liiti*%  and  miiifn-d  imi>  bmlK'l  and  a  half,  or  IMIkk  «f 
rual.  Thuae  eipertiiiciit^  trvre  aricmard*  rr|»caicd,  and  \kv  •«.»« 
tiiincd. 

*'  ll  appeBri,  Uwrrfor*,  fnim  Ummi  (riatt,  ibal  Iwlf  a.  kmttkmt  «f 
liair,  gcnrratei  verv  ncarl}  ihc  Mate  qtinniity  of  iivan  u  omm  I(MM  mmi  k 
hair,  Miiltuiii  iht*  litnc.*' 

These  remarks  of  Mr.  Partington  are  rery  extranf' 
diuary,  for  it  is  now  about  half  u  century  a^^o  sinrr  3lr. 
Watt  proved  that  1  lb.  of  Newcastle  coal  wbs  ^ufficiciil  la 
pvnporatc  7}  lbs,  of  water;  consequently,  ihr  4^1b«.  of 
coal  used  in  the  HrAt  expcrimenlR  to  crnporate  50  ^alloM 
of  water,  ought  to  have  evaporated  31}  gallons,  in ilboat 
Ihc  ansistance  of  the  auxiliary  linir;  thus 

J\nd  in  the  second  cxperimcuts,  the  preteace  of  "  ihc  prat 
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advantages  of  this  meUiod''  become  very  conspicuous.  We 
arc  told  ihat  'M  ijallous  of  water  were  evaporated  with 
l$61bs.  of  coal ;  now  let  us  see  bow  many  gallons  of  water 
Watt  evaporated  with  l*2<Mbs.  of  coal. 

7  {  X  126:^945-^-10=944  salloiiH  I 

and  we  should  have  no  he<;itation  in  undertaking  to  make 
a  boiler  that  should  evapoiate  one-fourlh  more,  or  10 lbs, 
of  water  for  every  pound  of  coal  consumed,  i.  e.  126  gal- 
lons. Notwithsmndiii*;;^  a  disadvantage,  instead  of  an  ad' 
vantage^  has  been  proved  in  this  case,  we  believe  lhat  the 
heat  from  a  lime-kiln  may  be  beneficially  employed  in 
generating  steam.  We  have,  indeed,  heard  of  its  having 
been  done  antecedently  to  the  experiments  of  Sir  William 
Congreve. 
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Arbor.  The  princiijal  spiTidle  or  axis  wliith  comrnunicntes  riiuiion  lu  ibe  other 
pnj'Ifi  of  a  marhtnp. 

Attraction  of  cok<sioH.  The  auraclion  which  holds  the  partickt  of  matter  to 
each  other. 

Attraetion  of  gravitallom.  The  fiirce  which  caasos  all  pnnderout  bodlci  \o  fait 
tuHordft  ibe  eaiih's  centre. 

Axi»^  The  R|>indle  or  centro  of  any  rotary  moilan. 

Btvel  gear.  WbeeU  in  which  the  leulh  are  net  at  angles  of  various  degrees  from 
the  radiii*. 

Cslihre.   The  dinmoler  of  a  bitle. 

C9ntre  of  gravity.  The  centre  nf  gravity  of  a  body,  b  a  point  about  which  all 
the  |)iirt«  4if  n  body  are  in  eijuilibrio. 

Centre  of  gjfration.  The  centre  of  g>ruti(>n,  is  ibat  part  of  a  body  revulvlnf 
abtiiit  an  axis.  Into  which,  if  the  uhule  quniiiiiy  of  matter  were  roUec(ed( 
the  same  moving  force  would  geneiAte  (be  ««me  nniculnr  Telocity. 

Ccn/rs  of  per  CUM  lion.  The  crntre  tif  pernis^ion,  is  that  point  of  a  bodv  revolv- 
ing about  a  fixed  axis,  into  uhirh  (he  wlii*le  of  ihe  force  or  motiim  is  col- 
.ected.  It  is,  therefore,  that  point  of  n  rcvoUing  body  nhich  would  litrike 
any  iitj«tacle  with  the  grrnip^i  eflVci,  and,  fiuin  this  property,  it  has  re- 
ceivcd  the  name  of  percUMion. 

Ctntri/kgai,   I'lying  from  (he  ceniro, 

CtntriprJal.    Fl>ing  lo  ih(^  centre. 

Chord.   Perpendicular  lei  fall  from  any  radius  of  a  circie. 

Clutch.  A  piece  of  irood  or  racial  with  two  legs,  to  disengage  and  re-cngnga 
marhinory. 

Conc<it/ric.   Having  (be  same  centre. 

CtHuttint  forctt.   Force  without  intcrniptton. 

CfUfitimgi.  To  connect  two  aliaris  or  spindles  longitudinally. 
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Cmtptimg-hox,  A  strong  piece  of  bollow  Iron    lo  rfmD*rt  ih*fiia$,mal  4^ 

tnacbui«ry  tii  and  out  of  gear. 
Cycloid.  A  geometric  curve. 
Data.  Facli  ft'om  nh'icb  we  may  deduce  reiolfi. 
Eccentrh,  Deviaimg  from  ths  ccDtret   ■§  cambt,  airached  to  <lv  ria  «  (*• 

cumrurence  uf  a  bliAft  for  lifting  forgv  faamiDers,  «t««Dprn,  Ac. 
EpUjfctoid.  Ttic  curve  described  In  (he  air  by  a  point  on  ifce  rirc«Mifrv«rt  J 

a  circle,  when  this  circle  roll*  on  another  circle  a*  im  basr. 
Efiiilihrium.  That  peculiar  slale  of  rest  in  which  a  bwdy  ts  OMialaiwi  V*  u 

force  of  g-rakitatioD,  vhen  ihc  qonntity  ufniAiier  io  it  f«  eiactlt  i^ai* 

each  side  of  the  bar  ur  point  op  which  it  i«  su|i[>ort<^d. 
Fulcrum.  The  point  or  bar  uii  nhich  a  lever  re»ls. 
Oravifjf.   Totidency  lunords  the  centre  of  the  earth  :   weigfet, 
Gurfg-trn.  The  centre  or  |iiinl  of  a  water-whe^l. 
Intrtia.  That  tendency  nhicb  etery  piece  of  mailer  ha«,  ttheti  «treil,l«MMl 

ot  rcBtt  and  nhen  in  motion,  to  cootinue  ibac  moiioo. 
In  vacuo.   Em|ily  space,  void. 
Loeonuttive.  The  power  uf  changing  place. 
31asimum.  Is  the  uiroosi  extent  of  any  mofemenl  or  pow«r. 
Minimum,  The  reverse  of  maximum. 
Momrnhim.  The  forcn  possessed  by  matter  in  motion. 
Ouyd.    A  combination  of  (>t)gen  niih  n  metallic  or  oihrr  baw. 
Pitch-Lines.  The  touching  circuoofcreoLCfl  of  two  whe«J«  which  at*  ta  Mt  a 

each  other. 
Pilch  of  the  wheel.  The  distance  from  the  centrea  of  (vro  Iceib,  iDe«a«i«4if« 

(hi*ir  pitch  line. 
Pivot,  A  short  sbufT  on  which  a  body  loms  or  vlbraifra, 
iiadttu.  The  M'mi-diameier  of  a  circle  i  |b«  ann  or  tqwlie  «f  •  vbvd. 
Jttxipnxating,  Acting  allernately. 
HrxtiUneBTt  or  RertiUneat.  Consisttn||^  of  right  line*. 

Scantling,  The  length,  breadth,  and  ihickncss  of  any  Milid  bfxiv  lakea  Ijaisjl'. 
Shaft.  A  long  piece  of  wood  or  metal,  on  which  large  wbvcU  arc  iiv^  tt^ 

work. 
Shftve.    A  small  kinil  of  poller. 
Snail  MtivemtnC.  An  eccentric. 
SplnHle.  A  ihin  piece  of  \rnod  or  steel,  on  nhicb   >arn  is  wound  after  li 

been  twisted:   a  small  kind  of  sluifi. 
Spur  genr.   WheeU  uhme  aics  are  parallel  to  each  niher, 
Sgpkon.  A  bent  tube  with  ODcqiial  legs,  through  which  «  Quid  wH)  Sow  by  dM 

force  nf  graviiy. 
Tappets.  I'rnjeciions  on  llio  ])lMg-tr<*p  of  a  steam  engine,  which 

ihe  valvPH  at  proper  intervals. 
f'acuum.  Void  of  air. 
f-'r.rllcal.  Perpendirnlnr  lo  the  Imrliun. 
yhintrtia.   Vide  /fl«rlifl. 
Wiper.  An  eccentric* 
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1630.  David  Ratnteye,  jp'onm  of  the  privy-chninlief  to  Charlct  1.  bad  ■ 
patent  for  invenlion*  "  lorai»e  water  from  /ow  pit$  by  firtt  to  make  anjf 
tort  ofmitiM  go  in  ttandingtcatert^  bjf  con! inuet  motion t  without  the  help  of 
wind,  water,  cr  harget  and  to  raine  wafer  from  tow  places,  and  nt/net, 
and  coal  pitfi,  6y  a  new  imj/  not  yet  in  Kse." 

1608.  Tbomns  Savrry,  of  l^intinii.  /or  raUing  watrr  5y  Ihe  elastic  furct 
of  steam  t  and  for  effecting  a  vacuum  hy  condensing  *teanu  to  rati* 
water  bjf  the  pressure  of  the  almotphere. 

1705.  Thomas  Ncwcoixipn  and  Jotin  (  nwlf-y^  of  Onrtiiinutltf  and  Tttomai 
Savery,  of  London, ^lir  condenting  steam  under  a  piston,  &*c. 

1718.   Henry  Bcij^ltinn,  f<.>r  hand  grar. 

1736.   JoDaiban  llulh,  of  Lond'in,  fur  propelling  a  boat  hy  steam. 

1759.    Ja:ne«  llrind^v  r  of  Lacirii'ticr,  fur  a  sttnm  boiler. 

1766.   Jt^lin  KlokeiF ,  Londo').  for  an  improvtnifnt  upon  SaMrjf**  engine. 

1769.  Jame»     Wai(,     Cilay^tttv,   fur   condensing  in    a   Ktparate   epiiel^-vstng 

oit,fat^  5i'c.  inttead  of  wa'fr— casing  the  cylinder — working  enginei  bg 

the    previure  of    »tr.am    without     a     vacuum — ^team    tcheft — working 

angines  by  the  atternate  expan^iun  and  conlractiun  of  the  »team. 

Dugald  Clarke^  fur  obtaining  a  continuous  from  a  reciprocating  niotiom, 

1779.  .John  CNrjsel,  Luiui'in.  fur  nn  improved  furnace. 

1778.   MaUhew  Wailiburuu^h,    ilrlHial,    far  inverting   rectilinear  into  rotattto 
motion. 

I7BI.  John  Siecd>  Lancashire,  appllcatton  of  the  crank  mofhn, 

JtBA'han  HornbliiHcr,  Pvnryn,f<»  an  engine  with  two  cytiadert, 
Jamrii  Watf,  regulating  motion — sun  and  planet  tchtcl. 

\7b%,  Jani«i  Waft,  Birtnin^tiani*  expan-'ivt  engine — i/.r  eontrioaness  for 
regulating  the  motion  ~  doul^le  nrting  mgine—  Itrt^  e /linden — parallel 
motion^  obtained  bg  a  raek  and  tecfor — 'emi- rotative  engine— steam 
wheel. 

1784.  Dillo,  TixHo y  rotntire  engine  —pttraUet  mnfioni  —portable  mgint  and  steam 
carriage — -working  hammers,  if c. — improved  hand  gear — improved  mO' 
thod  of  working  the  valvei. 

Robert  C'ameror.  London — hellacalenginf.imjirovament  on  Sewcomem'i. 

1785.  I>itin,  dillo,  far  fumacei  for  conttiming  smoke. 

1789.  Thomas  Burg(*HS,  L'lnd'in,  for  eonvertinf  avbrating  into  a  rotalery  m^H»n, 

1790.  Bramah  and  D!cken«on,  London,  f.ir  fhrre  mfat.irif  enginet. 

1791.  Jame<  Sadler,  Oifmrd.  ro/a/urv  engine-*. 

1792.  Wm*  Symingion,  Kimialrd — condensing  engine. 

1793.  F.  TlMnn^on,  London,  fur   an  a'moipheric  rngine  with  tico  cylindors, 

1794.  Robert  Siiept,  Limrtun,  for  an  injfammmbfe  tapour  engine. 
■        1796.   John  IVppcr,  NtMvta«ile,  Utr  •^avfngfueh 

I  John  Slrnn^,  BInghnm,  fnr  a  n^icform  of  valves. 
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Willinin  BaiUjr,  Maachester,  fur  a  new  mode  ofworMm^* 
Valt^olitw    CIo*« — taping  fuel. 

Franci*  Lloyd,  WiMilitanfon — eonttmctinn  of/unuiCB. 
1707.   £.  Carinrighi,  Middlesex,  for  a  ntv  conde/iWnf  ea^«f  m 
rotative  tngine. 
J.  Grover,  Che»batn,  for  a  boUtr  and/umac*. 
T.  RowntrM,  Londua,  Tor  a  boiUr  and/umace* 

1798.  W.  Ra^ley.  Turk,  for  m/untaee,  ioiUr,  and  apftndmgat, 
Jobo  Dickson,  Soothwark,  for  a  mtthud  »f  ctnutructimn. 

F.  Rapozu,  (of  LUbun,)    Loitdnn,  contiruetion  ttf  cytindaTy 

G.  Quteroz,  Lundon,  for  a  ct/linder  and  votvef. 
JamM  Sadler,    Oxford — dcubU  c^Underi — a  cvmhimaiiam  0f\ 

and  WatVs  enginu, 
Jonaiboa  Hornbluner — »ttvm  irkttl, 
GeorfTQ  Blundell,  5«it'in^/M«f.* 

1799.  J.  Wilkiaton,  Castlehead.  corufnc/fM  ofkoiUr  r*  rnvJitaL 
M.  Murray.  Leeds,  boUer^  damper ^  horiwmUl  eytindar, 
A.G,  Eckhordi,  for  Aainn; ^jrf. 

W.  Murduck,  Kedrulh,  ct/Hnder — tatves — rotatory  emglm$* 
Jamei  Boms,  Glafgow,  boiler — saving  fuil. 
3,  Bishops,  Connecticut,  f>*r  a  rotalory  tngine. 
Robert  D«lBp,  Bnnville,  an  teonomical  botler. 
Samuel   Rebe,  Loodnn,  trantmHting  furct  o//bttda. 
T.  Cooke,  London^  mode  of  appttfing  fuel. 

1800.  Pliinoas  Crowther,  Newcastle,  crank  and patalt^  motUm, 
John  and   Jnniea  Robertoi),  Glaigow^y^macc /•  c«iuirai« 

ctflinder, 
peter  Oevpy,    London,  improved  fuel. 
1601.  E.  CartTTriffat,  M'\AA\ef>t^x,  port^fe  engine. 
E.  Wilcox,  Bristol,  rotatory  tngine, 
W.  HaBe,  Saxlhar|>«,  eiflindtr^  boiler^  i(c. 
M.  Murray,  Leeds,  pump  for  tht  separate  disdtargt  tfair  and 

— parallel  mcHon , 
TItnoihy  Bramah,  Pimlico,  revolving  cock. 
G.  MedhurtT,  London,  for  converting  circular  intQ  rectitintar  t 
W.  S>min|(lun,  Kiimnird,  rotntive  engine. 
John  Anderson,  Monnit-,  saving  fuel. 
Earl  of  Stanhope,  saving  futt. 
James  Glaaebrook,  Colebroofc  Dale,  mrking  maekime*  by  mmmt  effft- 

per  ties  of  air, 
Robert  YoUQg,  Bath,  saving  fuel. 
IBOS.  Trevilhick  and  \W\any  high-pressure  engime* 
M.  Murray,  V.cqAs^  portable  tngine. 
T,  Sahil,  Bristol,  boiler  and  furnace. 
J.  Lewis,  Urivcoinbe,  improved fumaco. 
R.  Wilcoi,  Bri»(ol.yi*r««rt — boiler — engtHf. 
James   Sharpless,    Unib,   application   uf  combined  meekanio^ 

tttatn  engine. 
TbiimaN  Parkinson,  London,  ctmor^Hg  steam  audjlnids. 
M.  BillUig^slc->  t  great  iniproremeHl  im  boring  eiftinkers. 
1603.  J.  Leach,  Merton  Abbey,  conirruc/ion  of  boiler. 


*  Many  of  the  patent  Invantions  in  ibts  list,  whose  titles  annaunc*  Am  as 
intended  fur  i-tTcctiDg  a  saving  in  fuel,  are  ric«t$ned  more  especially  for  cull- 
nary  and  dimit-Htic  pur|M^ses  t  and  although  tbeir  beneficial  appHcatkoo  to  At 
bolters  of  sli^aiji  engines  is  in  some  instances  very  doobtful,  tbe  dlaitnctftio 
CkDDOt  bare  be  well  defined. 
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Arthur  Wonlfe,  hon4tw\,  tmproi'ed  boiler. 

Bryan  Dankin,  Oaririird,  rotaty  engine. 

Wm.  Freemaiitle,*  Loiidofi,  impiovtment  in  cj/Under^  va/pu,  and /fHm^. 

R.  Wllctix,  UrUtiil,  improved  toiler  and  furnace ' 

Arthur  Wuwlfe>  Limrfon.  improved  engine — high'prettur*  boiUr. 

Jamei  Barred,  8«ITrnn  Walden,  economtting  fuel. 

James  Hider,  B^-Jfaitit  improvement*  in  cylinder — tteam  r$guta(9r, 

Jonathan  HurnbJii^wirr,  Pvnryn,  nteam  xckecl. 

Win.  Earl,  \,\\fiv\>«*o\^  mode  of  working  and  constructing, 

Janes  Stevens^  LundEHi,  boiUr,  of  a  eatlection  of  lubei. 

Alexander  Brudie,  Liindon,  boiler  andfurnace. 

James  Uuhz,  Glnajjjow,  mercurial  engine  for  railing  teattr. 

Charles  Coe^  London,  application  of  heat. 

Arthur  Wootft*,  London,  improvements  inpislon,  el/Under^  &c* 

Ral^h  Dodd^  London,  mode  of  iauing  fvel. 

Williatii  Deverall,  Ularkwall,  boitrr  andfurnace. 

Samuel  Mttter,  London,  various  improvement$. 

John  Trofler,  London,  neam  icheft, 

Andrew  Flint,  London,  rotative  engine. 
1806.    William  LMl«tr,  Lnndinn,  rotatti'e  engine, 

Raljih  Dudd^  Lnndoi),  various  improvements* 

B>  Wilcox,  London,  rotntory  engine. 

W.  Milfer,.  London,  imfjrdt.<>f<j_/^irnflr*.  ' 

Josia'S  Rubins,  Liver^uot,  improved  furnace. 

Wm,  NichntHon,  London,  application  of  tlemm. 
1807.  Allan  Pollock,  GIm^w,  improved  furnace. 

Henry  Matidsley,  London,  portable  engine. 

Ra\[th  Dudd,  tccnomising  hraf, 

Jamet  Bradley,,  Lnndon./iirfiac^  iurt, 
•  d09-  Tbomai  Mead,  rolatart/  mglne, 

Jamea  Linnki^r,  PorlHmouih,  nteam  boat. 

T.  Smith,  DiUion,  certain  improvements. 

Thomas  Preaton,  London,  ronifpurfyon  offumaet. 
1809.   Mark  Noble,  H^livt^pa,  improved  engine. 

Edward  Lane,  i>loke.on>Tr<!nt,  rotatory  engine. 

J,  F.  Foftenmeycr,  hnninntmodeof  constructing  and  tear Aing, 

Richard  Scautlebury,  Redruili,  rer/ain  improvtmentM. 

Samuel  Clegg,  MancfieHler^  rotafoiy  e/iginf, 

Junei  Grellier,  Aldboruuj^h  Hatch^fttmace. 

Murray  and  Anderson,  of  Edinburgh,  a/)/>firAHeN  of  html. 

Nugent  Booker,  Dublin,  jramnj^/Mf/ 
1810*  Arthur  Woolfc,  Londnii,  various  improvementt, 

W.  Clerk,  Edinburgh,  regulalion  of  heat. 

W.  Cha|>man,  NcwcaBile,  rotatory  engint, 

Richard  Wiity,  of  Hull,  combination  of  the  redprorating  reclilinamr  matian 
with  the  rotative — ttcc  engines. 

Stodman  Adam,  Cuntiecticui,  rariouj  improvemenit, 

David  Cook,  London,  hea.ting fluids. 

Wm.  Dockroy,  LondiMi,  application  of  heat. 

John  Juiiiicc,  Dundt^e,  application  afhe4tt, 

John  Croisift,  Quebec,  tavingfttcL 

Richard  Witly,,  ilull,  improvements  upon  former  pttent. 

Charlei  BrodiTip,  Ltmdon,  t-ariou*  improcememtt* 

Jaiepli  Mi{-r«,  London^  saving  fuel. 

Michael  [^ygan,  Rotherhithe,  generation  of  fire. 

J.  Trotter,  London,  improved  application  ofttemm* 

H»nry  Jimtt,  Birminfb«m,  lieam  boat. 
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18U. 


1815. 


1816. 


HIT. 


1818 


1819 


W.  Good.  Lnndim,  comlruetion  oftf^lvt** 
Jiiliii  Siiliii-rland,  t.ivrriMii)!,  taiUr. 

It,  W.  Fnx  aii<l  Joi'i  Limn,  t  almouili,  v&rhtu  ImjrrvMfWnii, 
iltfitr^  HisfEiii^Mtii,  L<iiKl'jn,  ttemm  homt 
WiUUin  Oiiiuiit,  PiMilloii,  rotmiive  tngint. 
llenrv  Oititint,  l\oTtitf»\'r\^  manu/aefuftHg  a/ r^Unden. 
Kobfrt  D'tiikin*  PcnKtincc,  intprortd /urnac*. 
W.  Driinlon,  Bultcily,  rtrwu*  hnpruv«meut9. 
Julin   llailuii,  Laadou^  i:ariau»  inpravaiutntt. 
Juhn  SutbcrloiKl,  Livftriii»iil./iinM»c«. 
J.  Wlitle,  Lccd*,  v«r/«ui  impnn/emtni: 
C.  Brodrirk,  LtMidmt.  tmprviMf  &oi7<r. 
W.  A.  Nt»bl»,  improiieH  engine. 
J.  Raslrirk,  Rrtdgi^nonlt.  cer(aim  imt^mfrntntg. 
Thomas  Tudal,  Ytirk,  iftam  cMrriagtt 
Juhn  Staler,  Rirminglioin,  i')i//rvt'M(  A^^^w. 
Dodd  and  Sirphcnftin,  Killin{k<ottti«  Wemu  tmrrimftt, 
William  l.»»h,  iNcnca^iltt, /urnau. 
H.  Holdsworlh,  Glati^uw,  etrtahi  tmpravtmenU. 
M.  Uillin^slev,  nradfurd,  ctriam  imprwrmtnt*. 
Rirhard  Trcvilhick.  CamUnm,  improied  pii/on-»re/«ltM 
W.  Muuli,  Londuit,  improt-edfu/matt, 
Jt  Caller,  Lvndun.  mode  of  nupplying /ut4 
Marqiii^i  do  Clmbnnne*,  soring  futt. 
W.  and  A.  Hovnn,  (.ilamurgaii./iirnAce. 
Dawps,  Bromuii'h,  inipromed  //ara/Zr/  mo/i«a. 
G.  F.  Mantz,  Birminghnnuyki/iiafc///' coa«iifnpi^  tm^Aa. 
Br^an  DonkiUf  Surry,  boiter. 

Altfxunder  lingers  \lal\f.%%t'mods  a/tettimg  btiUrt  U>  tmvafii^ 
Juhh  Bnrinn,  various  tmpravementt. 
Fhdip  Tavlor»  Urumley,  mod*  o/a/jply/n^  htM, 
W    Siciniuii,  Culffiird,  imprvood  oitgino, 
HabtTi  Siirliiij;,  Kdml>ur;gh«  impfomwd  J'mrtMtcM. 
G«iirgc  Budle^,  Mxeter,  v^iatu  imfirooeinent^ 
Joseph  Tumor,  LaytoOt  r#C«fary  ingtmo. 
John  Neville,  lMti4wt,  not  mod*  iff  fentratrng  emd^ppl^tmg  »t^gk 
JuM'^tb  Grrgtoit,  London,  mode  i^ tup r'jfiag/ufL 
William   Li>»h,  T^ancattllL- ,  improved  fui-nacn. 
Grotgii  Manuarin;;,  LoDdixt,  vdrJJ".  im^'roMiNM/i. 
Jdli.i  (XtdhaiP,  Dublin,  «/eam  boat. 
MuMfn  Punle,  London,  rertaiM  improuemoittM* 
W.  A.  Osborn,  lUtrAe%\oy,  boring  cjfiimdon, 
Gcurgc  Siraiiun,  London*  tavingfiiel, 
Wjlli.-im  Mouli,  London,  ctrtain  t-mprov^memlM, 
Alokurider  Haliburlon,  Luiiru«li>rr,  impreMrfyiinuice, 
John  Scolt,  t'oDge,  nleam  h<Mt, 
Phiti[i  Ta)l<>r,  Bromle^',  appUcation  of  html, 
Munrot!  and  Lanj^ion,  errtuin  improventenU* 
JotJtua  [toudedgp,  Bollon-le-ii»«ii>r,  rotatory  emgiHt, 
Lnrd  Cocbrane  ami  A.  (ialloitn^-,  ronsummg  imoke, 
Jarnei  I  km,  Ch'i^U'liurch,  hoUoto  furuaco  bart, 
Hrnr;  CrtM||hi>iik»  Gliaffow,  reguUling  ttemm. 
William  f.4tiiicb,  London,  certain  improvamtntM, 
William  JidinMorv,  L^^n^i^^n^^maco  <ofittimimg  tmcka. 
.  MarquiH  di>  ChabannD*.  London,  boiier  of  tub**, 
Joneiand  I'llnlry,  BirminKham,  rrrfaia  imprmvmm«mt§m 
John  Malum,  London,  ctrtain  improuemrMiM. 
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Sir  W.  n»ngreire«  linndon,  ttram  mheet, 

Janict  Frazer,  Ijondon.^ifne/ttm  cf  tunnels  in  a  boUer^ 

It.  Wright,  Luntluii,  various  imp  rove  mentu, 

John  Soawnrd.  I^tiitdun,  mode  of  genfruiing  fteam. 

Willium  Hninr'iin,  Binninglinin,  rmofving  furnarr  to  cenitiMt  titufkt, 

Georfc  KiJJt'y,  Briggcn,  farivui  imprevenuHtr . 

John  l'*mhfex,  London,  improicment  on  Sgpsry'a  engint, 
l&SO.  John  Oldhiitn,  Dnhliii,  ttH^ition  to  fttrmer  patent. 

Willinm  Carter^  MiddleiM>jt.  certain  imprtivtmrnts. 

Jiihn  Hartun,  Lnndon,  engines  and  boittrsfor  propelling. 

Jnhn  Ilaguef  Lundon,  variuiu  improtfsmentt 

Jiihn  Wakt'fielJ,  Mnncho«l«-r./'MrBac«  and  modv  a/ /ceiling. 

WiUimn  Brunttin,  Uirmiitgham,  additian  to  farmer  paitnl. 

Joviah  Pork***,  Yi  o^rv/icW,  furnace  for  tonmming  ^mokt^ 

Jul>  lUdiT,  Hulfaii,  TotaUrg  mginn, 

John  Mwure,  Dublin,  rotmtorif  engine, 

W,  Prill-hard,  Loffti%,furnMceforconiumpfion  of  tmokt. 
1891.   William  Aldprflc>,  llomorion,  subttilute for  the  crank, 

Thumnft  MnHtufinnn,  R8iclifl'<p,  steam  and  water  teAeel,  « 

RbbiTt  Slfin,  Luinlicth,  certain  improvrmeHt*, 

Rnbt*rt  Di'lhap,  lUlfaif,  rotatory  engine. 

Or.  ileiiry  Pcnn^^rk,  Penzance,  lessening  eontumption  tffiML 

IIt*nry  Brown,  nerh}\  Jvmace  for  ronxuming  tmok*. 

Aaron  Maiibv,  Tiptuii,  various  improvement t. 

Thomnti  Heniiel,  Bowdley,  various  improvements. 

Sir  W,  C'on^eve,  Lundon,  intpfovements  on  fumter  patent,  • 

Frnnx,  Anton  EgalUi  London,  various  improvtments. 

Charles  Broderip,  London,  vatiou*  imprevemtnts. 

John  GUdatone,  Ca»ilc  Douftas  North  Briiaint  improvtmmUt  kn  ttmm 
vetseb. 

Jutiut  Griffith,  Miildit««ex,  locomotive  atesim  rmrriagu, 

Jnhn  Rati-M,  Bnidford,  supplying  fuel  tofumact. 

Jonathan  Dickson,  l^ind'T.  tran-<mittini;  heat. 

Peter  Ucvty,  l-'Mtdoo,  pr«p«r«d/u</  in  bath. 
1833.   Richard  Onitrud,  Mani-hi>>ii«^r,  mode  of  Hailing  boilart, 

Q.  H.  Palmrr,  London,  furnace  for  consuming  smoke. 

Geuri;o  Su-)ih«niuMK  Lnng  Bvnion,  certain  imprepemenlM, 

Ales«ndt?r  CUrk,  Louchan,   Fifo,    impnvmmmlB  in  MIrri  and  c<m- 
ftltuert. 

M.  J.   Rrunftl,  Chrl-^ea,  certain  improvements, 

Josrph  Smilhf  Sheffield,  improved  boiler. 

John  Hiaiilcy,  Manchester,  supplying  furnaces  wUhfneL 

T.  and  J.  Binris,  TiHti'iihAin  Court  Rood,  steam  engines  and  botlert, 

r.  Lf'arh,  LondiTin,  stenm  tehfel. 

Jacob  Ferkiun,  Lundon.  certain  improvements. 

BainbridfO  and  Tbayi'f ,  rotatory  engine. 
18SS.  Jatnet  Neville,  Shad  Thames,  boiler  and  furnace. 

William  Johnaon,  Great  Tothnin,/Mriiacr  and  boiler  far  tavmg  fuel, 

Ruben  Copland,  (Merkenwelt,  *^neK  combinations  for  gaining  power.** 

N.  Pitrtridgfit  Stroud,  mode  of  firing  boilers, 

11.  H.  Price,  Neaib  Abbey,  Glamurgaaihire,  fmf^roMrf  machinfr§  J^r 
steam  boali. 

William  Jo'i'tnp,  nerhj*.  metallic  packing  to  ptston. 

Jacob  PerkinH,  Lundon.  boiler. 

Thomn«  Peel,  Mnnchetter,  rotutonf  engine. 

Jacob  Perkinit,  London,  certain  impmiemenls  en  stemm  engines, 

Fiaher  and  llorinn,  Weil  Bromv^ich,  butler. 
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W.  Jukei,  Great  RuncI  R|re«u  rrgulaiimg  rifpi»/jr  ^fmmtrr  U  Mbrt. 

Btiwer  and  Blantl,  L*'ed»,  tttam  tn^ine  ^tkomt  ttir-pmmp. 

William  Wif^tun,  Derb^,  vartoua  tmprooemeHtt. 

Robert  HiKsif^.  Norwich,  mefAvd  ^€OHMimtmg  tMipA*. 

Jamefe  Larrey,  Bottprwa,  uiaing  o/JiuL 

Jameft  Cbrinlit*,  London,  eombimmtion  tif/utl/ar/m 

Jacob  Perkins,  Loadun./untAcu/or  baiter*. 

Samuel  Broun,  London,  engine  for  Reeling  »  caeuum  mifkmni  tk»  mt  ff 

iteam. 
W.  Furiiival,  DroUvnivUyJ'or  a  hoiUr, 
18S4.   Ri*v.  Mo<ie»  liiaarft,  tteam  atgimt,  and  maeMnerjf  fa  ecmmmmieadt 
Chrisiie  and  Harper,  com Aiwr/i^n  of  Jud  Jtir  furnace*. 
Maiirire  de  Joiigh,  Warringtun,  tconomiting  MmoI  bj/  comhinimg n cnkt  cm 

tcilh  a  tteam-tngine  boitrr. 
Samuel  Hall,  Kaxriird,  impn^ccH  ittam  engine. 
George  Vauj^ban,  Sbeffiold,  improved  •team  tngtne. 
J.  T.  Paul,  WosUoinaKT.  tvbular  boiler. 
W.  U.  Jainc*.  Birroingbain,  latomoiwe  carriages, 
,  John  M'Ciird^,  London,  generating  tteam. 
Pbilip  Taylor,  City  Road,  certain  improvem^nlt, 
W.  Foreman,  Batb,  rotatory  tnginet, 

Pierre  Alegre,  Commercial  Road.  apparatuM  for  gnnernting 
MaQd<»la}-  and  i-'itrUI,  boiUit  far  steam  v«sstl*. 
John  Moort',  Brlilol,  inipreMiiieii<«  npvn  engine  and  appmratmt. 
David  C(ordon,  London,  l^icomatine  steam  carriage. 
I6S5.    Dr.  Tillctch,  iHlinglon,  mrfom  improvementM, 

Uurtiail  anil  Hill,  Surrey,  toeomotit^  steam  cnrriagf^ 

Witliam  Gilwothwaiie,  K'mg**  Place,  Noliinghaiuihire,  tmprwmtt  10 

engiiu. 
Glllman  and  Sawerby,  London,  genrrating  tteam. 
T>  Sunderland,  DIackhenth,  «ec>  cvmbinatitm  of  fuel  far  fiimmces. 
J.C.  C.  Raddatz,  [invented ^y  Dr.  Albmn],  imprn^ammOt  ta  *tmmmgm 

and  boilers, 
y/ .  l\.  James,  Birmingham,  tubular  boiler, 

TbompMin  and  Barr,  London,  improvementM  in  prodnrimg  Uaant. 
M.  J.  BrtinrI,  London,  machinery  far  obtaining  potear  by  the  iifvwUw  ff 

the  liquijiabte  gases. 
Jean  Anioine  Tei»ier,  London,  various  imjpratiemenii. 
Tboma»  Honard,  London,  fbr  an  engiva  in  whicM  fAt  nrptiuipa  foea  ^ 

the  vapours  of  alcohol  and  ether  are  employed. 
Jmiali  Eaiten,  Bradford,  locomotive  steam  cnrriag*. 
Goldatvorthy  Gunicy,  Arg\le  Sired,  tubular  boiler, 
L.  W.  Wriglil,  Lambeth,  rotatory  engine, 
F.  Haltiday,  Ham,  rotatury  engine. 

Joseph  Lve,  Liverpool,  rotatory  engine^  builer,  vatvatt  tfc 
J.  M'Curdy,  Strand,  apparatv*  fvr  generating  steam, 
16fi6.  A.  R.  Lorcnl,  London,  app/tcaf'i>n  of  tteam. 

James  Neville,  Jihad  Thames,  npparafm  for  generating  wtosm* 
Samuel  Brown,  BrnmpMn,  vacuum  engine ^  addition  to  Ikia  fmnmar  patent, 
A.  BulTum  and  J.  M'Curdy,  London,  im/}rot'«ni'a<*  in  sloam  engits^ 
Henry  }lig|;in»on,  St.  Luke's,  Middle»ox.  propelling  boat*  by  otoam. 
Joseph  L.  Marie,    Marqui«  dc   Combi«,  of  Leicester  S^aw*  r»isb$ff 

anginet  and  apparatus  connected  IhereteitA. 
Robert  Mickleharo,  London,  certain  improvamomtg, 
William  Robinson,  Strand,  propelling  rennets  by  itemm, 
C-ouol  Adolphr  Koxeno  de  Rosen,  of  Wesimlnstrr,  «»w  tmgimej^  tam^ 

municating  potecr. 
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J.  B.  WUkfl,  of  Tandridge  Hall,  Surrey ^  producing  tttam, 
Burviall  aod  Hill,  of  L«ith,  steam  carriage. 
John  Costigan,  Cutlen,  Louth,  various  improvementt. 
Elgah  («bIIdwb)i,  London,  rolitry  engine, 
IflST.  Jame*  Frazfir,  Houadsditch,  improved  boiler, 
Jaiiiei  Neville,  Shad  Thames,  »t€am  earriage, 
Robert  Cop«laDd,  Wilmington  Square,  •*  mwhiMryfor  gaMng  j»*«*r," 

Mng  additioru  to  former  patent. 
Robert  BarloTT*  Cbelsea,  tubttitute  for  the  crank. 
R.  and  J.  Slirltng',  Glasgow,  improved  air  engtnei. 
John  While,  Soiiihamploa,  improved  piatons  and  valves, 
Sir  W.  Congreve,  Strand,  nev  motive  poKtr. 
R.  W.  Foi  aud  Joet  Lean,  Falmouth,  variout  improvementi. 
Jacob  Pcrkiii»,  Loiidon,t  certain  improvements. 
Walter  llancork^  Strntford,  improvementi  in  uteam  enginvM. 
Thomas  Perk,  London,^  revolving  ifcam  engine. 
Parkinson  and  Croftdey*  London,  condensed  atr  engine 
Joiepb  Maudstxiy,  certain  improvements. 
Anthony  Scott,   Durham,  preterving  b^itert  fivm  sa^mnt  tmn  Mcnu- 

tation.' 
Peier  Burt,  Limvhouse,  9team  engine. 
Goldtworlhy  Gumey,  l^ondon,  locomotive  enginu. 
J.  Apsc\,  Lambeth,  substitute  for  crank. 
Paul  StecQ4lru|i,  London,  propelling  vessels. 
A.  M.  Skene,  London,  propelling  vesveb. 
J.  L,  Sleveoa,  Plymouth,  propelling  veuets, 
8.  Holland,  I^indnn,  locomotive  carriage. 
Ur.  W.  Harland,  Scnrliorough,  locomotive  carriage, 
W.  Hale,  Co\chv»tcr,  propelling  vessels, 
1898.  J.  Gilbertaon,  Hertford,  »moke-con*yming Jurnaca, 
John  Evans,  jun.  Wallinj^r>ird,  steam  engine. 
Bealo  and  Porter,  of  Lundon,  communicating  hemt, 
G.JacksoD,  Dublin,  propelling  vessrU. 
W.  Nairne,  Edinburgh^,  propelling  vettels. 
Nathan  Gough,  SnifiiTd^  propelling  earriaget  and  vetseU, 
S«muel  Clegg,  Liverpool,  steam  engines  and  boilers. 
Cbafles  Harsleben,  Liindun,  propelling  veeteb. 
8.  W.  Wright,  London,  locomotive  carriages. 
C.  C.  Bombas,  London,  propelling  carriage*  and  boats. 
Samuel  Hall,  Baaford,  jioiMr  engine. 

£.  G.  Alherley,  of  Y"rk  Place,  '*  a  method  of  generating  povwr.** 
J.  J.  Isaacs,  Edg^ware  Road,  Middlesex ,  propelling  floating  bodi^ 
J.  and  S.  Sewardj  of  Poplar,  for  propellimg  revicfj  and  carriages, 
J,  B,  Neilson,  Glasgow, /ir  blowing  apparatus  tofttmneet  genernlljf. 
John  Melville,  Londim,  for  propelling  vessels. 
James  Nevillf^,  London,  for  an  eii^tae  to  obtain  mechanical  power  from 

streams  of  water. 
Thomas  Tipped,  Gwennap,  Cornwall,  various  improvements  in  steam  and 

air  rngims. 
Joseph  D'Arcy,  London,  steam  engine. 
George  Rennoldion,  ijotilh  Shields,  rotmry  engine. 
Charles  Cameron,  London,  propelling  vessels, 
R.  Williami,  Londun,  fnr  improrrments    in  the  appUca>ian  of  elatiie  and 

dtnse  fluids  in  the  propelling  of  machinery. 
Anton  Bernbard,  of  London,  for  apparatus  for  proprlUng  ves$etr, 
Vfm.  and   James  Stead,  of  Gildermone  and    Dnncamrr,   for  imprvted 

paddle  wheels. 
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Parr  and  Bluett,  Londoo^  for  cenptrtimg  m  r^tmry  btim  «  rttiftM0 
motion, 

0.  H.  AVilliains,  of  North  Mbley.  Glouctst^rehire,  imprwtmmMIt  pt 

dlta  and  other  propetling  macAinerjr. 
Srptiinus  Gritlun,  of  Pentotivtile,  for  itnprcvtd  padiUt, 
A>  Robcrtflon,  Liverpool,  for  impnred  pmddtt*, 
Tbomaa  Smith,  Derby,  for  impravtd  macAinerv  appUu^h  l#  ifMlB  ^ 

ginn,  pumps  ^  S^c. 
J»ha  Udnt'y,  London,  improvtmentM  m  MitMm  ettginet, 
Wm.  Knkine,  Cucbrant*,  l,<iodon,  improvtd pmddl*  ioAmI^. 
Brniihwaiic  and  ErlcHon,  Liwdon,  t\}T  gmtrmtlng  itttim, 
Julius  Hiiin])hrey ,  uf  Wurc(?iler,  for  machinargfar  pruptiHmg  »«mb. 
P.  and  W.  Pickprinf,  Ltverpool,  for  an  engine  to  he  wctktd  hffJImUt  m 

gasu.  (c  be  colUd  **  PUkering't  Engine,'* 
Jamei  Dutton,  juo.  of  Wuotton-undcr-Edge,  for  prvptUimg  ■■— ali, 
Elijah  Gallon  ny,  of  Loudon,  for  improcemeaU  in  ^team  ungimou  mad ff* 

ptUing  vtsteU* 
/■cob  Perkiii!,  London,  mmchimtrjf  for pr^poUing  vetutt, 
Robert  Crabiree,  Haleswurth,  f»r  proprtting  caniagtt^  DC(«aii,  tit, 
Mo^e&  Poiili',  Lmidoil,  for  gtneratittg  ^team  and  cutrtmit  mf  «/r«  and  ^ 

pticmtion  to  hcomotivc  rarriagei. 
JoHbua  Baie4,  London,  for  improved  method  nf  emuttueiimg  Uaamktikn. 
H.  C.  and  C.  F.  Price,  Briatul,  apparatus  for  eomrnunirating  Aaot, 
T.  S.  Drandrcih,  Liverpool,  carriage  propelled  bjf  hor»eM  tn*ide^ 
R.  TurreiiH,  ('ruydon,  engine/ar  communicating  poietr  and  imotiamm 
J.  Moorr,  Bri^iinl,  for  fropetltng  carrfage*  and jloating  kadiat, 
T.  Daiiket,  Barlon  upon  Hunibvr,  fur  improvtrntntt  in  »ti 
W.  rhurcli,  Rirminghani,  for  propelling  oe^eU, 
J.  Vilify,  Piccadilly,  for  Wmm  boiler. 
W.  Hall,  Colcheitcr,/orci»f  Katrr/or  propelling  vatanU. 
W.  GristintliM'aiio.  of  Noltingham,  fur  improvemeni$  in  ttettm  engiaa*. 
Rane  and  Buaae,  London,  iaxprovemtHtt  in  boHert. 
Summers  and  Ogle,  London,  for  improved  battera,  tfpeetalfyfar 

tivt  purpose*. 
3,  Cochaus,  London,  for  M/etj/  apparaiu*  fn  boiltrj, 
W.  T.  Haycraft,  Greenwich,  fof  imprQcrmmt*  in  ateam  tngine», 
8.  Parker,  London,  mecAanicai  potctrfrom  chtmical  agenU.      * 
J.  Cllve,  Chtrll  House,  Stafford,  fur  improvvmonl*  to  UtamaUvt  matk^m% 
RaiTe  and  Boase,  London,  improvementt  in  atoam  warriage*  mnd  I  a  tori. 
T.  Bulketey,  Louilon ^  proprlling  uesuU. 
W.  Taylor,  Wciliictibury,  improvementa  in  boiUr$  and  aikar  appmmina  a§ 

aloam  engines* 
J.  Ericawn,  London,  rotary  engine. 

J.  Riiihven,  Edinburgh,  navigating  veshtls  and  propelting  eMrria^[a$, 
J.  Slreet,  ('tifiu»,  rofart/  engine. 
Major-Gcneral  GubbJn»,  proptlUng  machinerjf, 

1.  Nolt,  Schvnertady ,  Nvn  York,  and  Londtia,yiiriMc«. 
Brainley  and   Parker,  Moultley  PrUiry,  Surrey,  impravmnmtt  $m 

motive  carriages^  f^c. 
Sir  T.  Cochrane,  London,  rotary  engine. 
W.  Church,  Birmingham,  propetHng  and  evaporatiim, 
R.  Witty,  Bat.futi\^  prvpetiing  rarriaget  and  ittfeta. 

N.B.  The  foregoing  list  extendi  to  ihc 
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Act  It/*  Parliament  respecting  steam- 
engine  furnaces,  779. 

Air-pumpt  Dr.  Papin*s  saggeslion  to 
transmit  motion,  14;  MurrBy*s  pa- 
tent  improved,  136. 

j4i&afi*f  patent  engine,  253. 

American  steam  boats,  317. 

Andemn  and  Jamet**  steam  car- 
riage, 557. 

ArnoU'B  (Dr.)  air  engine,  678. 


Banka*M  patent  metallic  piston,  74fi. 

Bank$'a  (Thomas)^  improved  pistons 
and  valves,  742. 

Barron  (Jani»),  his  furnace,  8H. 

Barton's  (John),  metallic  piston,  268, 
430—448. 

Beighton'3  invention  of 'hand  gear/ 
26,416. 

Beltingham'a  boiler  and  furnace,  377. 

BenninsJield  and  Beale*»  patent  en- 
gine, 271. 

Birkffiuhmw't  patent  railways,  671. 

Blakey't  patent  boiler,  4d. 

Blenkingopp' s  steam  carriage,  322. 

fioaC«  (Steam).  See  Navigation. 

Boaz't  engine  patent,  (1805),  178. 

Boiler  furnaces.    See  Furnaces. 

Boiler,  Blakey's  pateiit,  4d;  Belting- 
ham's,  377 ;  Buchanan's,  370 ;  Eve's, 
386;  Franklin's  (feeder),  409;  Fra. 
zer's,  402;  Gurney's,  304;  Hall's 
modeorsupplying,4ll  ;Ilair8,S79; 
HebertX400;  Horton  and  Fisher's 
patent,  367  :  W.  H.  James's,  S91 ; 
Long's.  406;  Maudslny  and  Field's, 
372;  MCurdy's,  374;  M'Cardy's 
duplex, 382;  Moore's, 37d ;  Paul's, 
868;  Perkins's,  397;  Poole's,  398; 
Scott's,  403;  Smith's,  371 ;  Steen- 
fltrup'g,  404;  Thompson  and  Barr's, 
376;  Tippett's,  405 ;  Wool  fa,  166; 
economy  of  fuel  resulting,  415 ;  set- 
ting of,4I6;  economy  of  form,  3^  ; 
materials  for»  364;  liability  to  rup- 
ture, 305;  bottom  surface  of,  366. 
36. 


BoUon*t{Hr,),  pai  tnership  vUh  Watt, 
60. 

Bower  and  BUuuTt  patent  engine,  097. 

Brailhwaite  and  ErtcsaoiC*  steam  car- 
riage, 669. 

Bramah  and  Dicken»on*t  rotative  en- 
gines. 100. 

Bramak't  strictures  on  Watt's  spe- 
cifications, 81-;  rotary  cocks  and 
valves,  137. 

Branca*t  engine,  8. 

Bretcsler*»  (Or.) .  observations  on 
Worcester's  engine,  10. 

Broaderip't  patent  improvements,  746. 

Brvn^on'v  patent  steam  cnrriage,  323; 
smoke-consuniinijf  furnace,  78£. 

Brunr/'jt  patent  high  pressure,  246; 
carbonic  acid  engine,  266. 

Brotcn's  patent  gan  vacuum  engino, 
257;  improvements  on,  258;  car- 
riage, 331,  564. 

Buckttnan's  steam-hoat  propellers, 
809 ;  paddles,  ib. ;  boiler,  870. 

BurUall  and  Hilt's  patent  steam  car- 
riage, 331,  523,  527. 


Caloric.  See  Heat. 

CarmickaeVs  improvements  in  steam 
boats,  612. 

Carriagea^  locomotive,  590;  Ander- 
soD  and  James's,  557 ;  Blenkinsopp's 
patent,  332;  Bnmbas's  patent,  565; 
Braithwaite  and  Ericsson's  patent, 
609;  Brown's  gas-engine  carriage, 
331,  564;  Brunton's  patent,  323; 
Burstall  and  Hill's  patent,  331, 623, 
627 ;  Chapman's  improvement  of 
Palmer's.  581 ;  Dodd  and  Stephen- 
son's. 325;  Evans's  (Oliver),  expe- 
rinient»,32l ;  Gordon's  patent,  381, 
539;  Gritfiih's  ditto, 331. 524;  Gur- 
ney's ditto,  331.  534,545;  Hack- 
worth's  dii  to,  616;  Hancock's  steam 
carriage,  564;  Har'nnd's  (Dr.),  pa 
tent,  650;  Holland's  patent.  553; 
Howard's  ditto,  639;  James's,  W, 
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11.,  dfttn.  Sai,  A90,   5^};    Mann's 
dillo.  d05;   Medhur^rB  ditto.  MA  \ 
Palmer*s  ditto,  570;  rtritutance  to 
motion  of,  on  railwayi.  &M;  8avr- 
ry's  claim   to   invcnlinn   of.   3)8; 
Hnowtlen'o    patent,    (536;  Stephrn- 
■on*s    (O,),  iiiito,  007,   (^30;  8te- 
pliensoD  and  Losh's.  328 ;  auegt^s- 
timi  or  l>r.  Hobison  to  Jhinrs  Watt, 
47;  LSummtTs  &  0(cle*«pat«n(.5<M; 
TreTitliick  and  VirianS,  Hil  ;   Vi- 
itry    and     Pocock's     putenl.    d67 ; 
Watt's  claim  lo  invention  of.  3 IH; 
Wrijihf*   patent,   ftiitl ;    wind  car- 
riaKev,  566;  on  railways,  500.    See 
also  lUii.tTAVS. 
CartiPriffht*M  (Rev,  Kdm.),  improTP- 
iiirnts,    llo — his    ungl'x-.    llfl — liU 
mt-tallic  pistuit.  IIH,  435 — hts  ruta- 
tiTO  engine,   110 — his  putUble  «u- 
gine.  131. 
Catlin't  patent  steam  rnicine,  711. 
Cuirlfi/  and  Sercomen'n  engine.  33. 
CeRtraiJnreet,  844. 
Chapman  a  patent  rolaiy  engine.  207; 

snioki'-ronsumin^  Rpprirnttit.  Sii,5, 
Cherertan't  cnrbuuic  acid  engine. 0^>i. 
Vkurrh'*    (Or.).  improTCDieaU,    »n- 

rioii<i.  743. 
Christie  and  Co.' i  hi^h-pressiire  en- 

i;ine.  6H3. 
ChrtMtie  and    HcrperM    patent   fuel, 

H4J. 
ding's  pnlent  rotary  online,  90t);  cir- 

ci'lnr  ulteinatitig-r1itlo,7S7. 
Ct»ck,  four-w«v.  4UH. 
Condenicr,  by  Walt.  dS. 
CoHiltJiteia,  described,  4JW.  451. 
i  oHdirtMativn,  by  Injection  In  cylin- 
der, 35,  34;  In  separate  irea^el.  51. 
Conpreve't  patent  steam- wheel, fifiT — 

mode  of  fteneraling  sleum,  H40. 
Cooke's  rolnUtr  engine,  104;  Htalical 

hy^'ranlic,  IMS. 
Coo'min't  smoke-consuming    furnace, 

703. 
Cointer-wriykt  to  pistons,  37. 
Vronk  motion,  Wasboroogh*!*  patent, 
61  ;   operation  and   utility   of,   ex- 
plained. OQ. 
Crotcther'a  parallel  molion,  126. 
CjilindcTt  unequal  wear  of.  71 ;  vibra- 
tory.  Tro%itliick  and  Vivian's  pa- 
tent, 151  ;  various  positinns  of,  4*24  ; 
Inclined,  42A;  erect,  invert oU,  rlbra- 
tilig,  4^6  ;  revolving.  437  ;  propor- 
tioof  of,  497  ;  jacket  to,  497. 


Dnkejfnr'*  patent  engine.  747. 
SUittnoti'i  patent  paddles^  5o5,  510. 
Dt  OiM*'*  eiiBinc,  7. 
Ue  Comtiia'  (A/mquistif) ,  engine,  270. 


i)ffj.jaiw'«  smokc-conninuDg  fansci. 

750. 
De  3/(mjtery'j  bituminoaa  *«po«rr> 

gine.  05a 
De  Prani/'M  nb«ervatioM  oo,  fM. 
Detaffulier'a  obserrationaoo  Kavcrr'k 

engine,  |8. 
Dtreif'i  patent  fuel.  S4&. 
Dicktom'g  itnprovi  d  (*adillv«,  4St. 
Donkin't  nir-tiillic  pl^too.  448. 
Donkin  and  Maiam'w  eapcriwealssa 

roiory  pnaiiu'»,  2**. 
Dodd  and    StepMttuom't   straa  car- 

rtiigi'.  H'/'i. 
Du ndonuld '$  { Lotd'j , smokt 

ing  apparalDs,  761 


Knginea,  steam,    Ar>«n*a  bigh-pn*' 
sure,   and   boiler.    25  2;    AmericM 
Blum-wheel,  680;   B4tili»'«(TS9S.} 
patent  engine.  Tafiou*  pans,  7H\ 
Ri-iiingfield    and    Beale's    rotaii*^ 
271  ;  [loBi'«   latent    ral*iiig-w«l«r, 
178;  Bitwer  and   Bland'*   ni^lW* 
water,  e^n  ;    Branca *s  (GiotanQt 
oeluplle,  8;  Brainah   aud  Dtckc*- 
bod'5  roiAtivi',  106 ;  Bruadcrip't  f^ 
tent,  vnriouf  part«.   746  ;  Bnioel's 
biifb-prrssnre.  948,  carltonic  aei4 
2tKS;    t'Brtwrij(hl'i  (H.  V.  E.),  Tfcl- 
procaling.  110;  rotative,  liv.por* 
table.  131  ;  Catlin's   raisinf^-wAlcr, 
141;    <'bapmeu'*     rotative,    307; 
Christie   and    Co.'s    hlgh.pfrasarf, 
083;  Clcgg'ft  rotniive,  9UJ— cirva- 
lar  alternating,  737  ;  Cooke's  rots* 
live,  104;  I'migreve's  steam  nbael, 
3S7;    4:liurcirs  f M  illiara),  vartow 
improvcmenta,  7iS;  Dakeyoe's  ro- 
nicul  molion,  747  ;  1>«  Cwu's  {^o* 
lomon),  ftleam-pres-iurr  fouataia.T; 
DeCombii*  (Martjuis  uf),  rolailvtf, 
279;   Kvans's  (Oliver),  high-pres- 
sure,   141;  Evans's  (J.),  rolatine, 
795;    Eve's    roUithe.    274,   7o6: 
Flint's  rotative,  184  :  Pnrman**  r»- 
tative,   272;    Galloway'*  (GUjak). 
rotailTe,  8H3— scmi-iouiive.  739; 
niitrnlhwaile's       rotative,      718  ■ 
Hall's  (Wilmut)    sirsm    and   ga* 
746;  llalliday's  (Captain)  rolaiiie, 
Tttl  ;    Hayrrafl's   (Dr.)   alleittallag 
high-steam    and    hoi    watar,   751 ; 
Hero's  (of  Alexandria),  6;   Hora- 
blowcr's   expaiKlon.  M,  0^— rata- 
live.  131.  166;  Isaac's  boat  crifiiM, 
005;  i^upold's  hich-prrsoure.  10; 
Lloyd's  portable  Arts ;  fhlalam'v  ro- 
talive,    2:26:     Msktrrman't    •Iram 
wheel.  93d;  Mandbia)*!   porlaUlr, 
IM;  Mead's  patL-nl  rolatiiC.  lOM: 
Melklehou's  gcaeratiiig  Tipour  ia 
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cyliiidrr.  *c.  710;  Morpland'd  (Sir 
8.).  ruisinjf  wbIit,  13;  Morcy's  rr- 
ToUUtg  c>lin(!er.  Sl'i;  Mordm'k'ji 
rolMive,  1«7 :  Murray's  poriablo, 
1^3;  Newcoiiicn  nnd  Cuwlcy's  al> 
ran.iplirric  nnd  racuum,  33;  Nun- 
carrowA  waicr^mUinft  hy  vacuum 
wtlhoot  pUti>n.  13*^;  4>f1u|ulr  (nno* 
nyniou8}8'earii-prrHSiire,0;  O  lioii's 
rotali?e,  910;  Pa  pin's  aliii()?tpheHc, 
15 — steam-pre-i-urc,  t20  ;  HallisiHrti 
Itigh-prpsxurr,  G87  ;  PrrK's  (Titus.) 
rpvoWiiiff  cylindiT,  707 ;  l*t-iktM»')i 
liigli-prcMure,  'i43 — bi|;h-prt-&siirc 
safely,  711 — strain  boal,  717 — ex- 
pttnslon,  7:JI  ;  Ponlifrx's  watpr 
raifihij^,  fiSO;  PooIeS  varinuH  parts, 
740;  prnpnrtiunit,  4^24 ;  Ktx'vu's 
various  parip,  749;  ftolM-rtHou's 
(John  and  Jame-*),  dnubin  cy- 
limler,  143;  RnulU'dg'e's  rolatiTct, 
294;  KyderV  rorative.  £SS ;  Sad- 
ler's rolalivp.  1 14-;  SaveiyS  raising 
water  by  prrssure  of  steam.  16  ; 
Smoati»H'flaIino-«phcric,  28  ;  Sriiilh's 
rnlallvi',  73t4;  Siemslrup'n  rnlulive, 
724;  Slnxl'a  rolalivo,  750;  Trcil- 
thlck  &  Vivian's  h I gli* pressure,  149 
—  vibrallnff  cyltndtT,  1^1  —  Im- 
pruvemrnts,  217  ;  Tippplt's  exnan- 
■ion  and  alroosplifric,  730 ;  Trot- 
ter's rotattvo,  178;  Turner's  rotn- 
tiv*',  217;  Vaiighaii's  double  cylin- 
der, 9<M  ;  Udiicy't  expansion  three 

cylindi  rs.    738 nitalirr.    735 ; 

Watt's  low  preMuri'.  coinbiidrif^  his 
Tarlnus  lmprovt'ineiit!>.  54 — rulative 
(I7«0J,74— dilld  (I7M2).70— semi- 
rolaliv.'  ditto,  81— rotative  (I7H4), 
tt2;  Wif»toM*fl  alternating.  080; 
Wilcox**  rolitive,  1S6 ;  ^^illiains's 
new  arrangfincnt  wiihniit  pistons, 
737;  Witty's  rotQfiTc.  SOS;  Wor- 
cester'! (Mari|uit  (\D,  fire  wnler- 
worfc,  0,  13  ;   Wright's  (S.  W.)  ro- 

t»tuo.  now. 

Enffin^s,  motive,  from  varliiu*;  forcen, 
pis.  Arnoll's  (Doctor)  air,  678; 
Brown's  ga*  vacuum.  257  ;  Brnncl's 
carbonic  acid.  *i66  ;  ('ht'Vcrlnn's 
carbonic  acid,  65S;  Dv  Mnngery's 
bitumlnuua  va|Ntur,  itt.  ;  Howard's 
alcohol  and  other,  (Vl4  ;  Parkinson 
mnti  Tros^ley's  air,  071;  Stirling's 
nir.m^7. 

Ecrcntric  motion,  433. 

Eranx's  { Oliver)  tiigh-preitsure  en- 
gine, lil^team  Iwat,  293,  SOS — 
steam  carria)ie,  321. 

—  (JO''"<'»''*epnginc.  705,786. 

Brant  {Hirhard),  his  funiace,  HllO. 

£rc*f  pAlent  engines,  ti74--palent 
boiler,  386— Mfeiy  valTc,  421. 


HxpanMon  of  bodies  by  licnt.     Svo 
llcAr. 


Forry'f  observations  on  Wall's  sp«* 

ciQi-alions.  77. 
Fitthev'a  parent   suspension  railway, 

.^t'2. 

FUzfrcralff'$  roiarv  n»otiop  fron.  rec- 
tili.t^l,  4A. 

Ftint'B  patent  rotary  engine,  IBi. 

Fft/-ttkerL  advnnlagr  of,  72,  i.'»4,  455. 

Forntan*  pali-nl  i>nginc,  -7'^. 

Frankiin't  boller-fcedntg  apparalus, 
400. 

Friction,  on,  843. 

Ftaznr'M  pulont  boiler,  &c.  402. 

Furl,  iibs*TVHlion»  on,  H45. 

FuUoh'm  .steam  boal,  307. 

^Mraifcc*,  net  of  parliament  respect- 
ing, 770;  Brunto;t*8 smoke-consum- 
ing, 7&5  ;  Dt'la'ime'H  smoko-con- 
anmlng,  7&d  ;  Dundintild'tt  (Tx^rd) 
paiont,  701  ;  Chnpnian's  patent, 
H95:  Coombs's  ditto,  7I1'2 ;  Gr<^- 
soit'a  dilio,  771 ;  •lolmsiun's  ditto, 
782;  Jeffrey's  ditto,  804;  Losh'i 
ditto,  775;  .Moult's  ditto,  773; 
Murray's  ditto.  797— regnialing  sp. 
paratuB  to,  1*25;  Partier's  patent, 
796;  Prilchard'g  ditto.  700;  Ro- 
berl son's  ditto,  7tiA — smokc-coD- 
siimlng  furnaci',  145;  Sheffleld's 
patent,  7fi0 ;  Steel's  rittio,  789; 
Htrattoii's  ditlu,  800;  Stanley's 
ditto,  K02;  Thompson's  ditto,  767: 
Wnlfsdiilo.T.V;  Warri'sditlo,7a7; 
Wulker'fl  ditto,  790 ;  Walteflelj's 
ditto,  795;  Evans's,  8oO:  Barron's, 
811  ;  Jaeomb's.  «6. ;  Ullbertsou's, 
814  ;   llowvll's,  815. 


Gainshorouffk'i  claim  to  Invention  of 
sepamle  condensing  vessel,  02. 

CaUoicai/'*  (El(jah),  rotative  engine, 
an;  —  scnti-rolalive,  739  —  steam- 
boat paddleB,3l  Initio  patent, 494. 

fUfbrrtuon't  parent  furnace,  814. 

lltOMsar^.  H47. 

Ciopcrnorf  5^,  453. 

fion/on's  paddle-boxes.  466 — patent 
steam  carriage,  331.  539. 

Uregory't  (Dr.)  defence  of  lloio- 
blower,  9) — error  respecting  Bar- 
ton's plslnn,  439. 

Grryion''t  patent  furnace,  771. 

Grieve'*  improvement  in  niilwnyK,A7K 

Grisrnthtruitr's  pntcnt  rngim-,  74«. 

GriJfiih'M  steam  carriage.  SJl.  521. 

Gamtfc^  mrrcuriul,  418. 

Gurnejf'$  steuu  carriage,  SSI,  5S^— 
bollor.  394. 
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fUckirorth*»  steam  c«rrUKe,  010. 

//a/f  f  3leam--boatpro|trneri,  46U«A10. 

Uailitlay'M  patent  L'ligine,  7<)L 

Hdtl'n  { Witmoi)  various  improve- 
metits,  IVh 

HaW*  mode  of  feeding  boilers,  &c. 
41)9— boiler.  Ac.  S70. 

tiancvck't  sXciim  carnage,  Mti. 

tland-gear  inTented  by  Beighlon,  iO, 
410. 

Ilariand't  carriage,  &S0. 

ilajftruft'*  (Dr.)  pitoul  engine,  761. 

IJcut,  latent,  of  steam,  AO.  $13.  SiH  ; 
of  various  fapours,  351  :  expansion 
of  bodies  by,  33*i ;  corrp:*pondiny 
degrees  of,  on  the  lltertnonicters  of 
Fahrenheit,  Reaiimer,  and  CoImIus, 
S37;  Unefir  expaiiftion  of  solids  by, 
SSO\  cxpanMon  of  liquids  by,  3i6; 
expansion  of  air  by,  S4I :  speeifio 
boalfl  of  solids,  ii'li  speciHe  heats 
of  gases,  S-i3;  capncities  for,  S4'.i\ 
(fases  liquiDcd  by  prpHsure,  3^1; 
ebullitiou  under  pressure,  SAi;  at 
which  solids  and  liquids  on-  voUti- 
lised.SiU;  frei  xing  tfuipcroturLS  of 
liquids,  and  roclling  |'»'inl»  of  solid*, 
A53;  elastic  force  of  sicam.  iHA  i 
of  bniltntr  sail-water,  and  force  of 
•team  therefrom.  350 ;  pOMfcr  ofcon- 
ductinft  ID  Tarlous  bodies,  Siil ;  in 
flues,  St)9. 

Jhbrrr§  boiler.  HiO. 

fleiIbron*»  patent  padilles,  M)5. 

ISfro  of  AlexsndrU's  steam  machine, 
0. 

Ilich$*t  Sfifcly.valve.  110. 

iUgh'prrsturr  engines  in  America,  4S. 
4fl7  ;  Leupold's,  40;   economy  of. 

/////'«  steamboat  propellers.  4(W. 
JMtand'i  steam  cnrriuge.  55S. 
iiocke  (Or.),  bis  >ugi(estiim  lo  New- 

eemrn,  99. 
Jlornblowrr'a    remarks    on    Kiivery's 

luTcntions,  IS— on  Blakcy's  Imilnr. 

45— expannion    engine,    of    patent 

1791.    95,    0H — rotative  fnginc,  of 

patent  I70B.   191— rotative  en^fine, 

of  patent  1804.  ItiO;  Improvements 

upon  vqI\os,  iS'J. 
i/or/tm  aiw/i'Vj»Aer'*palciil  boiler, 307. 
yforrarrf'a steam etiK'nc,  (^30— alcohol 

vapour  engine,  614. 
Jlourll'«    puliT.t   anthracite  furnace, 

Hl5. 
Ifufl's  iJoHatkan),  patent  for  steam 

bout.  41,  S06. 


tnclinrd  ff/anr,  on  the  nature  and  ap- 

ilieitiion  itf,  MO. 
i^aac't  i>4ii'i)t  ■iGoin  cngiuOr  dOA. 


Jaeomb't  patent  fkuaacM,  81L 

Jacket  to  cylinder,  4OT, 

James's  (  M'.  i/.)  siemm  earrUfCft,ni, 

Sfi9.  d80— patent  boiler.  JOl. 
*^<fffru'a  smokc-condenaiitK  ■] 

804. 
Jaaop'a  oaleot  netalUc  pbtoa, 

446. 
JoknaioH**  boiler  fum««e;  788; 
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Latent  heat  of  atc«m»  AO,  «C.  Ml; 

table  of  cxperlnenta  on,  $48;  af 

various  vapours.  3^1. 
Lawrencf'*  steam  boat.  307. 
Lton't  reports  oo  engines  Is  Con* 

wall,  I7A. 
L€  Caen'*  improved  trmm-roada.  KX 
f^rer,  on  thr  pmpertiea  of.  H4I. 
LeuftoM'9  hlgh-pressofv  engine,  M. 
Lilitu  ami  Frax€r*t  ateam-txttt  pi 

IKrllurs,  -4H1, 
Litiniiltr'B  pnipelllng  apparatus, 
iMttft'a  patent  Ihiilet.  H)Q. 
Lo«A'<  patent  boiler  fumncca,  m. 


M^Curdjf'M  patent  boUrra,  874,  8WL 

Malum't  rotative  cnffine,  996, 

Mann'9  locomotive  .lir  ran  late,  56& 

Mtuiertntxn't  ^teani  wlieel.  $3^. 

MatlhetiMi't  iu^gt-alion  or  oelopUe, 
6. 

Mauthtaij  antl  Fitld*  patont  bofltr. 
17'i— piston,  442. 

JUaudefay't  |Kirtable  eof  ine.  194. 

MtctuinUui  powrr* — rules  and  a«nn- 
plr^  for  Ibn  ujiptlraiion  of  the** 
clenK'nM  of  ri.iehl.ie'*.  Ml. 

Meud'M  pnlrnt  rotary  enginr,  1(M. 

Mnlhnrtt'ii  locomotive  air  earrlagc, 
Ml. 

MrUiicUHm'a  pmeni  steam  engine,  710, 

MehiUe'u  steuin-bont  propellers,  IA7. 

Mourr'a  patent  boiler.  S7&. 

Mnrrtand'i  {Sir  .^Hme/),  eigla?,  18. 

Afvtfjf'g  steam  engine,  213. 

Afotiun,  rttlary  from  TeelillneKl.  Fltx- 
gerald's,  40:  ditto.  BnrgesA's  pa- 
tent, 105;  reoiprocatlnr.  reroarfc* 
nn,  05;  rectilineal,  773  :  eccenlnrv 
4.13:  pamllrl,  447  tn  440:  piralM. 
I'rowlhor'n  patent,  1*8;  lefcr^ing, 
waste  of  itcani  by.  7U. 

Afou/t'§  boiler  furnace.  773. 

^/nrc/ocJt 'a  rotative  engine,  137 — slid- 
ing valve-*,  430. 

Afarrav''  regulating  npparati.a,  18fl, 
7*)7 — nozel  valves.  IS4 — alf  poap. 
136— portable  engine.  I&8. 
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Ni>fiiw*«  propelling'  appnrata^,  471. 

I<inrigatioH  by  sicain.  20.5,  <1(IA;  iloiin- 
lli.iii  ricllS  pntfiil,  J-l,  2<X1;  TrpM- 
tliick's  pri»pclling  apimmlus.  217; 
i  livLT  Kvaii«*H  iroproTfinont't,  296, 
an.!  ;  I.ymltifEToit's  •ttcnm  b"at,  s*!**: 
Fiiltnn'H  dido,  :K>7 ;  Lnwrencr'a 
(litio,  i6. ;  pri'pcUjny  by  oars,  /fi. ; 
by  dpiral  worms,  308:  by  chuiii 
paddles,  i6. ;  hy  crank  jinflllea,  SIM); 
ro'Blivo  Terttenl  pnddles,  by  Bit- 
chumn.  tb. ;  psddle  wheuU  bv  E. 
Ualloway.  311;  *'  UnitH  King- 
dom'* steam  ship.  ^6.  ;  Atnrrican 
Bicam  bonis.  S17;  Gordon'^  puirnt 
padillo  boxes,  406;  Hill's  pnte  tt 
prnpeUInj^appnraliis,  -168;  Halmrr's 
p:tlent  dillo,  470;  Naim't  diUo, 
471 ;  Sievnitnip'i  ditto. -iT'i;  little's 
ditto,  48U;  Skf^ne's  dill.i,  47ft;  ex- 
perira«nt4  willi,  47U;  Mnnaker's 
patent  propelling  apparBtiii.  481 ; 
LiUey  and  Prazer'n  ditto,  fb.x  .Ste- 
vens's ditto,  482;  experittieotit  Rnd 
ot>iorvailonaon,484 ;  Dlekson'spad* 
dlo  wheitls,  4H5  ;  McUille'it  pntent 
propollinir  apparatus,  4d7  ;  O.  >ViI- 
Ilams'ri  dritn,  401;  A.  Hubtnson's 
dirln,  40*^;  F.  Neale's  ditto,  4U3 ; 
E.  GallowayV  ditto,  104;  Poole's 
ditto,  405;  nornuDt  of  experiments 
with,  4SW ;  Perkins')*  pntriit  pro- 
pcllinfrappuratQrt,408:  expcrlmcnis 
with,  dOl;  lleilbronn**  pnlent  prn. 
pellinf^  Qppnratus,  50d;  Oawsm's 
propelling  npparatiis.  ib,,  510; 
IIu1l*'h  paUMil  piO|ifllhiHr  npp;irRtu«, 
ib. ;  Cnrmictiacrs  mode  of  refill- 
ling  moiion,  51)2;  inlernal  arrange* 
iiti-iit  of  Klemn  vessels.  &1H. 

Nfo/f'f  propi'IIinjf  paddk-^.  403. 

jS'eircorHrn  and  Catdejf'H  experiments, 
C2 — eiijflnp,  23 — accident  dlsc»tvt'is 
lu  them  thu  mode  of  eondcosatioo 
by  jet  of  cold  fluid,  25. 

TiiiirhoH*a  IntproTumcnls  in  railways, 
A7I. 

\ttiiearro;r*s  engine,  338. 

OthpUe,  whirlinif,  0. 

Onion*'*  patent  rotary  engine,  216. 


Pudittes  for  ileam  boats.     8oe  Nati- 

«*TIOW. 

Paimer**  steam  boat  propcUurs,  470. 

Pttfmtr*.  (II,  U.)  railway  and  car- 
^ia^e,  ri7fl. 

Piipin  (Dr.),  UU  cxperlmenlB,  13,  19 
— invention  of  snft-ty  Tu\ve.  14 — 
IraiiKmittiriff  power  by  ftir  pump,  tb, 
— rncuum  in  cylinder  by  explosion 
of  guupowUcr,  ib. — vacuum  by  con- 


densation ofsleam,  ib. — liis  engine, 
90. 

Parkinson  and  CiV*Us*$  patent  air 
er.Eino,  ti7l. 

Pttraiiel  m.tlen.  5fl,  IW.  447  lo  440, 

Parire'*  Kniuke-coiisunilng  fumaca. 
7JK>. 

Ptt^snyra  for  steam,  proper  dimensions 
of.  433. 

Patent*^  chrnnolttgii*al  list  of  nil 
grantfd  for  improvemenis  in  llic 
sleam  engine.  K40. 

PatltMvn'*  linprovetnents,  087. 

PecJtgtoH.  o.t  c(Mil  and  eoke,  8-ld. 

Peek's  (Tkfiina*)  patent  siram  engine, 
707. 

Pcrkina**  first  hl^h-prrssure  engine, 
*24S— seeond  dillo  satVty  engine, 
711— patent  piddh'*.  4DH.  Ml  — 
b«i  ItT,  S(i7 —metallic  pitlmi,  44&— 
rcgiilniing  valve,  454 — mode  of 
working  by  expansion,  457 — patent 
boot  engine,  / 17 — expansion  en- 
irine,  721. 

PUttnm.  required  proper'it's  of,  431 ; 
comn  on  hempen  p  ekrd.  4S5  ;  lliir- 
titii'K  patent  inelullic.  ^M,  -W^  :  Dr. 
Gregory's  remarks  on.  43t) :  ttrown'M 
piraey  of,  ib.  ;  Hull  nod  Sni'»  t-va* 
sion  of,  1^. ;  Tredgidd's  errois  re- 
•tpecling,  441,  443  ;  Haiiks's  piileiit, 
74^ ;  C'urtwriifhi'k  me'nllic,  119, 
435:  Donkin's  metallic.  442;  Jes- 
sop'i  metallic,  {?7I,  44(i ;  Maudvlay 
AMd  Field's,  449  ;  Pcikiii<**i  nirial- 
lie.  217,  4-15;  Kecve^'s  ditto,  74l»; 
tuleT'jr  vehifily  of,  t^U. 

Pliijlfair'n  opinion  of  Watt.  95. 

PnnHl'r.c'*  water-mlifing  <-ngiiie,  929. 

Pwffr*M  patent  engine,  740. 

Ponfc'*  (of  Uncnin)  patent  paddles, 
4i).>.  i')7. 

Ponfe'*  f  of  Sheffield)  b'»iler.  31W. 

Poifer'*  iiiTcntlon  of  the  scogger.  I'd. 

pQH-er  e  -gine*.  e/j.  htenm,  air,  water, 
alcohol,  gas.  &i*.  Ac.  s.-e  nndt  r 
ENOiNRS.and  Ibeir  re-iperllvehoA  t-. 

Potrer,  variallonB  of,  in  working  by 
expansion.  }0I,  455,  4(^1-. 

Pmrer  oT  men  and  li"i*i"i.  84!). 

Presfurc,  workini;  ;!t  full,  and  by  r«- 
pniisioM,  134  ;  rntcs  fur  culling  otT 
slenni,  401 . 

Pritchayti'g  amoke-onnsuming  appi- 
rnlUM,  7(»9. 

PrupeUiuf/  of  steam  b«iils.    Sec  N«- 

TKiATION. 

PrtfprftiHff  oT  slemn  carrhget.     Sec 

t'A'l"!  \OES, 

Proportion*  of  the  several  parts  of 

ciiginrs.  424. 
Putify,  on  the  nftltire  and  a,  plication 

or»  »4fi. 
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Pump,  air,  480;  TrtdgoUl  on,  451  ; 
iiijpctiun  aiid  supply,  4d3. 

Jtailwaya,  cdsce,  560;  Geo.  GrieTe's 
improTemenl,  471  ;  Ncilson's  ilit  o, 
ih.\  vrtih  reciiiitgular  bnri},  <b. ; 
Birkinshaw't  patent,  ih. 

iZaf/N-ayv.  tram.  A7*2;  Le  Cmd's  tm- 
prntcmcnt!!.  573;  Wilsun't  ditto, 
57*;  in  Houlh  Wales.  575. 

UnllH-ajf^.  8t)&{icn^i(iii,  Palmer's  palent, 
5"ti;  TrvdjroM  on,  AH);  Kj  1k-i's, 
582;  W.  II.  Jttmi'fc's  iiin:hinrr>. 
5H1>;  between  Manchcsler  and  \,\- 
veipool,  bislurical  account  nf,  50£  ; 
ilifScripUon  or,  505;  account  of 
rosls.  (U)0;  public  trial  of  litcomn- 
tive  mncliines  on,  605;  ri-aUtancc 
upon,  5M  ;  improved  dynamomettfr 
fur  ascertaining-  of.  5S5 ;  Ubie  uf 
resistances  upon,  586;  expfriments 
on  Inclint-d  planes,  tV25;  oprning  of 
Maneliestcr  and  Literpuol.  OlKi 

Hrri/iyocating  motion.  Hve  Motiok, 
rt'cipriic-iting. 

Rfctilincal  motion.  ScC  Motior,  rec- 
tilineal. 

Reevcu't  palcut  pistons,  7-10. 

Riticr'ti  p.itont  rotative  engine,  S32. 

Jtoltfrlion'i  (John  andJarmt»)  engine, 
U3,  ?08;  smoktf-ooiisuiuing  fur- 
nace, U5. 

RohinsQn'a  {Archibaid),  pateiU  pad- 
d:c9,  40^. 

RobitoH  {Dr.),  his  observations  oo 
VVorceiter's  engine,  10— ditto  on 
Savcry'i,  l»— his  auggest+on  of 
fitcmin  c^rriaj^oa  to  VVull.  47. 

Roebuek(  Br.)bi5  pott  nl  wii  h  Walt,  ftfl. 

Ron*  {('aptiiin),  his  opinion  of  Ste- 
vens's paddU'S,  4&i. 

Uotarjf  engines,  variouB.  See  En- 
(iiNRS.  uoTiTivii;  defect*  of,  73. 

Rnta  1/  motion.    Bw  Motion. 

RuuiUdffe'M  rotary  engine, 

SailUrs  rotative  cnjfine,  114, 

Stifeti/  raUe,  in  rented  by  Ur.  Papin, 
14;  iinpro^eraent  of  Woolf,  154; 
rcmaiki  on,  4IA;  mcrrurin)  guag-\ 
419;  llicks's.  419;  Eve's,  431; 
Sockle's,  44^2. 

S'arrrjf'*  model,  exliilnfcd  to  king 
U'llllini  III..  15— patent  trngine, 
10 — c'aim  [o  hiTcnlioD  of  aieBm 
carriagi*.  31S. 

Scof.fffr.  invention  uflluniplire)  Pot- 
ter, W. 

S€*»fVs  patent  bn  >•    .  403. 

Serftt.  on  the  na  •  e  and  appllcAtion 
of.  H4.S. 

SMrffietii'a  snioke'Cootuniing  furnace, 
Joy. 


Skem't  paddle  irheeU,  474. 
Smtaton  a  iiiipruvcd  nH»dJft«alloQi  «f 

steam   apparatus.   90 — Alinoflpfacria 

engine,  I^M. 
Smith't  patent  boiler,  371. 
SJtaiFden't    patent   r&il«ay  and 

riiigc,  rt3*». 
SockVM  sarely  valve,  i*iO. 
Stanle^t  amokc^ciMUaaUng  fitnMe, 

003. 
^eana,  on  the  nature  and  pi 

of.'  (see  aUo  IImaT  and  Ta'i 

335;  waste  of.  on  rereratng  ■wtfaa' 

of  reciprocating  engine*,  "O. 
Sletl't  boiler  furnace,  783. 
SUmttrup't  patent  rotary  cafiM,7il 

—boiler,  44^4. 
Stirting't  patent  air  engine,  A07. 
SictrnioH  and  L»th'i  steun  carfltt$«, 

32S. 
Sierduon't  (Oeorfft)  locoaotiv*  m-t 

ginc.  (M7,  6ati. 
5frmu*s  patent  paddles,  40S. 
Stnrart'g    n*marks    on    Woi 

engine,  10. 
StrmUun'B  srooke-coonming  tnrBua^! 

800. 

Strett'M  patent  engine,  7M. 
Summtn  and  Oglr't  steam  carr'age. 

6M. 
Sun-and -piantt  wheel  moliou,  OH 
Suntlerland't  pnli'nl  Tut-t,  M6. 
SjfmeM'M  hydrniiiaiic  piktun,  444. 
SyiMinfftotk't  steam  boat,  '200. 

ToA/r.  showing  cornr«pnnding  degrerv 
of  beat  on  the  lhennnn>eteni  a( 
Fahri*nhf-li,  Rraumer.  and  t'el»ia«, 
837  ;  uf  till:  linear  expansion  at  so- 
lids  l>y  beat,  331>;  of  cxpanaioii  mf 
liquids  by  heat,  S40;  of  expsMiaa 
of  air  by  beat,  341;  of  «peeiie  hMl 
of  aolidN,  348 ;  of  sperine  hmt  nf 
gases,  ib, ;  orcapaciliea  for  Itcat  in 
various  bodies,  ib. ;  of  reinlis  of 
expriimP'nt«  nn  1ati>nl  heat  of  stfwa, 
SiH ;  n(  latc-nt  Itt^^t  uf  variuut  va- 
pours 351  ;  of  voUlilisliig  polnU 
uf  kolids  and  liqnldo,  3&.1 ;  of  fren- 
Ing  points  of  licjoida  and  uitlung 
points  of  solids,  i6. ;  of  ela^«t  r  titer 
of  steam,  from  39  to  320".  '■X*'*  ;  of 
boiling  points,  &c,  of  salt  water, 
359;  of  eondurliog  powers  o(  tv- 
dies,  301  ;  of  resiMing  force*  Qtt 
vartuim  railwayv.  5H(\ ;  of  cxper! 
nicnts  Ob  the  eohe  it»n  of  va/totH 
mctaU,  889;  od  ilie  tulst  of  bsri  of 
ditfi'rent  tnftal,  fi84 :  on  Ihft  crush 
ing  of  timber,  stone.  Ac.  9^;  on 
the  transverse  ttmio  of  bar*.  K^)« ;  of 
the  weight  of  flat  iron,  BUI  ;  Miuar* 
auU  runud,  8dj(;  of  itie  wcifbl  ot 


oait-tioD  plaleft,  gliepl  lend.  &r., 
8:13  ;  oast-iron  pipok.  83-1;  of  force 
of  R'enm  nt  liij^h  donsitie^,  H37  ;  of 
the  average  labour  of  horsM,  630. 

7^«m/j«(m'«  nmokc-conAUming  fur- 
nace, 7*i7. 

TkomptoH  A  liarr'M  patent  boiler,  376. 

Ti]ipttV*  [iHlent  •Icnni  engine,  7U0— 
boiler,  4()A. 

Tram-tvayt.     See  n*iLWjiT9,  tram. 

Tredffoitl  t  hiiiproTeiDent  Uif>nn  sliilc- 
vnlfes,  4S3— opinion  of  Pdlmer'a 
r.iilway,  dSC^-erroncous  *uggrs- 
tiitiii  respect  iiig  Bart  on 'li  piston, 
441,  44^. 

TrtcHkick  mnd  VitiuHt  vti-tun  car- 
riage, 38l^iigh-pres8uri!  (-Df^inr, 
14*— Tjbraliog  oyhnder  and  boiler, 

Tr*cilhick'§  improvements  in  engines. 
SI7 — Bi4*Din-boat  propelling  appa- 
ratus, it. 

7\ollft'$  putefit  rngine.  170. 

Tnrnrr^M  jmt«nl  rulative  engine,  917. 

7'mtkilt'M{Dr.)  rvitlence  on  effects  of 
inxiky  titmosphere,  77-4. 

Udni^'M  patent  expansion  engine,  739 

—rotary,  730. 
L'uiUd  Kingdom  tleam  ship,  311. 

TdcuMM,  Dr.  Papin's  (luggrstion  to 
obtain  tiy  explosion  of  gunpowder, 
-14  ;  by  coiidensatioa  ofslfan),  ib. 

Vatvtt,  Murray's  patent.  134  :  of 
infefy,  (see  A'q/ir/y  ra/i»e«)  ;  ihnil- 
tic.  4'iS  :  four-way  cocli.  ib. ;  D  sli- 
ding, 4'iW  ;  IVliirdock'ft  NliOinu,  4Mi ; 
conical,  43'j  ;  Watt's  intprovemcnl 
upon,  ill.;  Hornl>lower'i,  ib.;  Treil- 
goltl's  impiovemenis  on,  43^  ;  Per- 
Mnfc'd.  4A4  ;  Field's  regulating,  ib, 

faftoun,  elastic,  on  the  propcrlieb  of, 
335. 

Vaughan's  patent  engine.  250. 

JKijry  and  Poeock's  loconiolite  car- 
riage, 667. 

H'akefirld'g  patent  boiler  furnace.  795. 
Haiker^M  sinokr-confiuniing   furnace^ 

7W). 
H'ard*M    amokr-conftumlng     furnace, 

7*15. 
Wuibofough**  patent   for  crank  no- 

Iton,  01. 


Wattt;  supply  of,  to  boilers,  400, 41], 
452. 

}Vatt  (JameM),  biographical  notice  of, 
47— suggestion  to,  by  Dr.  Robl- 
son,  on  steam  carriAgeji,  i^ — hia 
early  experiments,  49 — on  latent 
heat  of  steam,  50— invention  of  eon- 
di-ii^ing  in  scparnte  vessel.  51 — his 
engine  combinini^  his  various  Ira- 
proY«incuis,5l— hid  parallel  motion, 
5<l^goTenn»r,  5K,  453— coiidvaser, 
68 — hU  single-action  ptimping  en- 
gine, .SP — partnership  wilh  Dr.  Roc- 
buck,  and  Nubsequeiilly  with  IMat- 
Ihcw  Biiiton,  i/i.  (it— sun-nnd-planet 
wheel  niotion,  ib. — workii^g  by  ex- 
pa  niti  00,  02 — inij  erfectitfR  of  soino 
of  his  pliin».ft4 — rotarv  engine  (pa- 
tent I76tt).  74 — defective  ipcelfiea- 
lioii  t»f,  75 — Fsrey's  obscrvulions 
nil  dido.  77 — rolnty  engine  (patent 
1782).  70— senil-rotarive  fdliio),  81 
• — rotaiy  engine  (patent  1784),  S-^— 
Rramah's  siriclures  upon  Wall's 
obscure  :4peclfleaiions.8-l — reniurk^ 
upon  Wood's  pump,  1)1  — PUyfair's 
opinion  of  Watt.  95 — st»oke-con- 
suming  furnace,  757 — claim  to  In* 
vrntiun  of  lilcon]  carriages,  318— 
inipruTcjnent  upon  slide  valves.  43^2. 

Wtdge,  on  the  nature  and  applicuttun 
of,  848. 

ll'eigbt  aibd  strrnglh  of  materiaU,  Ac. 
818  ;  cxperimenij  on  cohesive  force 
of,  82*2;  weight  of  given  (]iiaolllies 
of  various  melallic  n.inufaclures. 
See  Tadlks. 

fl'Aer/aiid  nxlc,  on  the  na  urc  and  ap- 
plication of.  S43. 

}VifC»to%'M  patent  atenm  enptne.  fiSft. 

Wiieoj't  patent  for  saving  fuel,  170— 
roiallvc  rngine.  160. 

H'itlinmt't  (O.)  pnlent  paddles,  401. 

Wiiliama't  steam  engine,  737. 

H'iiaon*s  improved  tram-ways.  57-1. 

H'ind.  earriagCH  propelled  by,  5*W?. 

^i'ittif'u  paieul  rotary  engines,  9l»ft. 

H'of;//**  patent  boiler,  153--sarety 
vaUcJi,  1B4 — his  cyperimenis  ou 
high-pressuie  steam.  171 — liis  ex 
pansion  ffitgine,  173— pistons,  I7O. 

Worcetier'M  {A/artjutM  qf)  engine,  9, 
13. 

Wrigkl'9  (S.  fV.)  patent  rotative  en- 
gine, <iOD— locomotive  engine,  664. 


Erratum. — The  paragraph  rolutive  to   .Mr.  Stevens's  paddles,  inserloi]  at 
page  4tM},  should  have  followed  tlic  fifteenth  line  of  page  4H5 
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gtmomvtryt  Coiric  Smtiom,  Pcrspw- 
Itve,  StuiUouft,  and  Glrvaliuiik;  a 
Euiiiiimry  of  ihc  Art  of  Builtliiiff:  Co- 
pious  y\crount»  of  BuiUlinic  .MHlcrlal§. 
Strength  of  Timl>er»  t>m»'iit».  &c. ;  mi 
extmsivu  G\o>Mry  of  t\w  Technical 
Tttnn«  peculiar  lo  tach  Dtfinitmciit ; 
RDd  th«  Theory  and  Prncltf?c  vf  llir 
Flte  Orders,  m  einpl<»yctj  )ii  Dvcora- 
live  Arcbltccture. 

^'ft*  ar..  --^'.'-i--  •  ■  ■  -■  .-".-. ■■ ...  ..-»»*. 
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PRACTICAL   CARPKN- 

TttV.  JOINERY.  AM)  CABISKT- 
M.\kING  :  btinfT  a  nrw  aiitl  cum 
piric  SVSTK.M  OF  XAW.S.  for 
the  L'ao  cif  VVorkroen  ;  founded  nu  or< 
ciiiate  Geometrical  and  .tlrrhniilCAl 
Piiiictplcii.  Cvmpleli'U  \n  Sl>  ouiiiIkt<(. 
price  1j.  each,  ur  b  Paris  at  Am.  **nrh  ; 
mnlaifiinf;  90  platv<i,  atid  nuuuruua 
IlluMmtiTi:  Diagranit. 

.  PRACTICAL  MASONRY* 
BKICKLAYIN*;,  AM)  PLAKrKK- 
|\G.  both  Ptain  and  Ornaim  ulul: 
cnnUlidng  a  W'W  and  C'<ni|>lr1« 
8y«iem  of  LI  NES  f«,  sTdNK- 
cL'Tri\i>.  for  Ihc  Use-  of  Workmrni 
whh  lite  Furmnlltmi  of  MmiHife  auO 
l-'rnKMit« :  ini.*lud)ii«  aUo,  Pracii  al 
Trfaliseioii  SUfliif;.  P<uini»inK,  l\itnl- 
iMf.  and  lilAiiii;  ;  Html  *  full  l><  ni-rip- 
liun  uf  tlic  \Hriuii»  Milt  -I  i.iii  I  nt|)t(>\<-il 
In  these  \n».    t:nni.d«>i...i  ■ .  ui  v.;.n- 
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In  order  that  others  may  use  this  book, 
please  return  it  as  soon  as  possible,  but 
not  later  than  the  date  due. 
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